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Abstract	 ﾠ	 ﾠ
Environmental	 ﾠ considerations	 ﾠ at	 ﾠ wind	 ﾠ power	 ﾠ developments	 ﾠ require	 ﾠ
avoidance	 ﾠ and	 ﾠ mitigation	 ﾠ of	 ﾠ environmental	 ﾠ impacts	 ﾠ through	 ﾠ proper	 ﾠ citing,	 ﾠ
operational	 ﾠ constraints,	 ﾠ etc.	 ﾠ 	 ﾠ However,	 ﾠ some	 ﾠ impacts	 ﾠ are	 ﾠ unavoidable	 ﾠ for	 ﾠ
otherwise	 ﾠ socially-ﾭ‐beneficial	 ﾠ projects.	 ﾠ Criteria	 ﾠ for	 ﾠ Environmental	 ﾠ Impact	 ﾠ
Assessment	 ﾠ(EIA)	 ﾠsuggest	 ﾠthat	 ﾠcompensation	 ﾠbe	 ﾠprovided	 ﾠfor	 ﾠunavoidable	 ﾠor	 ﾠ
residual	 ﾠimpacts	 ﾠon	 ﾠspecies	 ﾠand/or	 ﾠhabitat	 ﾠfrom	 ﾠwind	 ﾠpower	 ﾠdevelopment.	 ﾠ
Current	 ﾠ environmental	 ﾠ compensation	 ﾠ schemes	 ﾠ for	 ﾠ wind	 ﾠ power	 ﾠ fail	 ﾠ to	 ﾠ
demonstrate	 ﾠa	 ﾠconnection	 ﾠbetween	 ﾠthe	 ﾠexpected	 ﾠecological	 ﾠdamage	 ﾠand	 ﾠthe	 ﾠ
ecological	 ﾠ gains	 ﾠ through	 ﾠ restoration.	 ﾠ The	 ﾠ EU-ﾭ‐funded	 ﾠ REMEDE	 ﾠ project	 ﾠ
developed	 ﾠ quantitative	 ﾠ methods	 ﾠ known	 ﾠ as	 ﾠ "equivalency	 ﾠ analysis"	 ﾠ to	 ﾠ assist	 ﾠ
Member	 ﾠ States	 ﾠ in	 ﾠ implementing	 ﾠ EU	 ﾠ Directives	 ﾠ that	 ﾠ require	 ﾠ scaling	 ﾠ of	 ﾠ
environmental	 ﾠcompensation.	 ﾠThis	 ﾠstudy	 ﾠprovides	 ﾠa	 ﾠtransparent	 ﾠframework	 ﾠ
for	 ﾠ estimating	 ﾠ compensation	 ﾠ at	 ﾠ wind	 ﾠ facilities	 ﾠ based	 ﾠ on	 ﾠ the	 ﾠ REMEDE	 ﾠ
approach.	 ﾠI	 ﾠillustrate	 ﾠthe	 ﾠapproach	 ﾠwith	 ﾠa	 ﾠhypothetical	 ﾠcase	 ﾠstudy	 ﾠinvolving	 ﾠ
sea	 ﾠ eagle	 ﾠ impacts	 ﾠ at	 ﾠ the	 ﾠ Smøla	 ﾠ Wind	 ﾠ Farm	 ﾠ (Norway).	 ﾠ This	 ﾠ study	 ﾠ assumes	 ﾠ
measures	 ﾠ be	 ﾠ will	 ﾠ implemented	 ﾠ to	 ﾠ alleviate	 ﾠ future	 ﾠ impacts	 ﾠ on	 ﾠ the	 ﾠ eagle	 ﾠ
population	 ﾠ but	 ﾠ that	 ﾠ an	 ﾠ interim	 ﾠ loss	 ﾠ of	 ﾠ resources	 ﾠ to	 ﾠ the	 ﾠ public	 ﾠ remains.	 ﾠ I	 ﾠ
illustrate	 ﾠhow	 ﾠone	 ﾠcould	 ﾠquantify	 ﾠthe	 ﾠdamage	 ﾠ(debit)	 ﾠfrom	 ﾠsea	 ﾠeagle	 ﾠturbine	 ﾠ
collisions.	 ﾠA	 ﾠpotentially-ﾭ‐promising	 ﾠcompensatory	 ﾠproject	 ﾠthat	 ﾠreduces	 ﾠeagle	 ﾠ
mortality	 ﾠ from	 ﾠ power	 ﾠ line	 ﾠ electrocution	 ﾠ is	 ﾠ suggested	 ﾠ to	 ﾠ generate	 ﾠ the	 ﾠ
environmental	 ﾠ gains	 ﾠ (credit),	 ﾠ which	 ﾠ is	 ﾠ quantified	 ﾠ using	 ﾠ hypothetical	 ﾠ data.	 ﾠ
Pending	 ﾠcompletion	 ﾠof	 ﾠon-ﾭ‐going	 ﾠresearch,	 ﾠthis	 ﾠframework	 ﾠcould	 ﾠbe	 ﾠapplied	 ﾠ
with	 ﾠactual	 ﾠdata	 ﾠto	 ﾠinform	 ﾠfuture	 ﾠcompensation	 ﾠat	 ﾠSmøla.	 ﾠThe	 ﾠframework	 ﾠis	 ﾠ
generalizable	 ﾠto	 ﾠon-ﾭ‐	 ﾠand	 ﾠoff-ﾭ‐shore	 ﾠwind	 ﾠdevelopment	 ﾠbut	 ﾠrequires	 ﾠtargeted	 ﾠ
and	 ﾠthoughtful	 ﾠdata	 ﾠcollection.	 ﾠImportantly,	 ﾠcompensation	 ﾠshould	 ﾠnot	 ﾠbe	 ﾠused	 ﾠ
disingenuously	 ﾠto	 ﾠjustify	 ﾠotherwise	 ﾠenvironmentally	 ﾠcostly	 ﾠprojects.	 ﾠ	 ﾠ
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1  Introduction	 ﾠ
Environmental	 ﾠ considerations	 ﾠ require	 ﾠ avoidance	 ﾠ and	 ﾠ mitigation	 ﾠ (or	 ﾠ
minimization)	 ﾠo f 	 ﾠe n v i r o n m e n t a l 	 ﾠi m p a c t s 	 ﾠ( p r o p e r 	 ﾠc i t i n g , 	 ﾠo p e r a t i o n a l 	 ﾠ
constraints,	 ﾠetc)	 ﾠwhen	 ﾠciting	 ﾠwind	 ﾠpower	 ﾠfacilities.	 ﾠTo	 ﾠthis	 ﾠend,	 ﾠmany	 ﾠ
countries	 ﾠ have	 ﾠ developed	 ﾠ "sensitivity	 ﾠ mapping"	 ﾠ to	 ﾠ avoid	 ﾠ the	 ﾠ most	 ﾠ
sensitive	 ﾠspecies	 ﾠand	 ﾠhabitats	 ﾠareas	 ﾠ[1].	 ﾠHowever,	 ﾠsome	 ﾠimpacts	 ﾠare	 ﾠ
unavoidable	 ﾠ for	 ﾠ otherwise	 ﾠ socially-ﾭ‐beneficial	 ﾠ projects.	 ﾠ In	 ﾠ a	 ﾠ typical	 ﾠ
Environmental	 ﾠ Impact	 ﾠ Assessment	 ﾠ (EIA)	 ﾠ impacts	 ﾠ that	 ﾠ cannot	 ﾠ be	 ﾠ
avoided	 ﾠ or	 ﾠ mitigated	 ﾠ can	 ﾠ sometimes	 ﾠ be	 ﾠ addressed	 ﾠ through	 ﾠ
environmental	 ﾠcompensation	 ﾠmeasures.1	 ﾠ	 ﾠFor	 ﾠexample,	 ﾠseveral	 ﾠwind	 ﾠ
energy	 ﾠdevelopment	 ﾠguidelines	 ﾠ[2,3,4]	 ﾠsuggest	 ﾠthat	 ﾠdevelopers	 ﾠfollow	 ﾠ
the	 ﾠ "Avoid-ﾭ‐Mitigate-ﾭ‐Compensate"	 ﾠ hierarchy	 ﾠ which	 ﾠ recommends	 ﾠ that	 ﾠ
compensation	 ﾠmeasures	 ﾠare	 ﾠutilized	 ﾠonly	 ﾠafter	 ﾠalternative	 ﾠdesigns	 ﾠor	 ﾠ
mitigation	 ﾠ are	 ﾠ shown	 ﾠ to	 ﾠ be	 ﾠ ineffective	 ﾠ for	 ﾠ an	 ﾠ otherwise	 ﾠ favorable	 ﾠ
project	 ﾠalternative.	 ﾠ
	 ﾠ There	 ﾠis	 ﾠa	 ﾠstrong	 ﾠneed	 ﾠfor	 ﾠimproved	 ﾠquantitative	 ﾠmethods	 ﾠto	 ﾠscale	 ﾠ
environmental	 ﾠ compensation	 ﾠ for	 ﾠ development	 ﾠ projects.2	 ﾠC u r r e n t 	 ﾠ
environmental	 ﾠcompensation	 ﾠschemes	 ﾠfor	 ﾠwind	 ﾠpower	 ﾠprojects	 ﾠfail	 ﾠto	 ﾠ
demonstrate	 ﾠa	 ﾠconnection	 ﾠbetween	 ﾠthe	 ﾠprojected	 ﾠ(or	 ﾠreal)	 ﾠecological	 ﾠ
damage	 ﾠand	 ﾠthe	 ﾠecological	 ﾠgains	 ﾠexpected	 ﾠthrough	 ﾠrestoration	 ﾠactions	 ﾠ
(e.g.,	 ﾠ compensation).	 ﾠ For	 ﾠ example,	 ﾠ scaling	 ﾠ of	 ﾠ some	 ﾠ compensation	 ﾠ
measures	 ﾠin	 ﾠCalifornia	 ﾠare	 ﾠbased	 ﾠon	 ﾠthe	 ﾠtotal	 ﾠgenerating	 ﾠcapacity	 ﾠor	 ﾠ
wind-ﾭ‐swept	 ﾠarea	 ﾠof	 ﾠa	 ﾠturbine	 ﾠrather	 ﾠthan	 ﾠan	 ﾠenvironmental	 ﾠmetric	 ﾠthat	 ﾠ
quantifies	 ﾠ environmental	 ﾠ loss	 ﾠ and	 ﾠ gain	 ﾠ [6].	 ﾠ Compensation	 ﾠ should,	 ﾠ
instead,	 ﾠbe	 ﾠbased	 ﾠon	 ﾠa	 ﾠtransparent	 ﾠscientific	 ﾠmethod.	 ﾠThe	 ﾠEU-ﾭ‐funded	 ﾠ
REMEDE	 ﾠ project	 ﾠ (www.envliability.eu)	 ﾠ developed	 ﾠ quantitative	 ﾠ
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 ﾠ	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 ﾠ	 ﾠ	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1	 ﾠThe	 ﾠterm	 ﾠenvironmental	 ﾠcompensation	 ﾠrefers	 ﾠto	 ﾠrestoration	 ﾠprojects	 ﾠthat	 ﾠimprove	 ﾠa	 ﾠ
resource	 ﾠor	 ﾠservice	 ﾠfor	 ﾠthe	 ﾠpublic.	 ﾠIt	 ﾠdoes	 ﾠnot	 ﾠrefer	 ﾠto	 ﾠfinancial	 ﾠcompensation.	 ﾠ
2	 ﾠSee	 ﾠdelays	 ﾠassociated	 ﾠwith	 ﾠcompensation	 ﾠfor	 ﾠSweden's	 ﾠBotnia	 ﾠRailroad	 ﾠproject	 ﾠ[5].	 ﾠ	 ﾠ
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methods	 ﾠ known	 ﾠ as	 ﾠ equivalency	 ﾠ analysis	 ﾠ to	 ﾠ assist	 ﾠ Member	 ﾠ States	 ﾠ in	 ﾠ
implementing	 ﾠ EU	 ﾠ Directives	 ﾠ that	 ﾠ require	 ﾠ compensatory	 ﾠ restoration3	 ﾠ	 ﾠ
for	 ﾠ environmental	 ﾠ damage.	 ﾠ These	 ﾠ methods	 ﾠ are	 ﾠ described	 ﾠ in	 ﾠ the	 ﾠ
REMEDE	 ﾠToolkit	 ﾠ[7].	 ﾠThe	 ﾠpurpose	 ﾠof	 ﾠcompensatory	 ﾠrestoration	 ﾠis	 ﾠto	 ﾠ
ensure	 ﾠthe	 ﾠpublic's	 ﾠloss	 ﾠof	 ﾠenvironmental	 ﾠresources	 ﾠor	 ﾠservices	 ﾠ(debits)	 ﾠ
are	 ﾠoffset	 ﾠthrough	 ﾠthe	 ﾠrestoration,	 ﾠrehabilitation,	 ﾠor	 ﾠenhancement	 ﾠof	 ﾠ
resources/services	 ﾠof	 ﾠa	 ﾠsimilar	 ﾠtype	 ﾠand	 ﾠquantity	 ﾠ(credits).	 ﾠRestoration	 ﾠ
may	 ﾠbe	 ﾠappropriate	 ﾠprior	 ﾠto	 ﾠa	 ﾠproject	 ﾠ(ex	 ﾠante)	 ﾠor	 ﾠafter	 ﾠenvironmental	 ﾠ
contamination	 ﾠ(ex	 ﾠpost).	 ﾠ
This	 ﾠ study	 ﾠ will	 ﾠ develop	 ﾠ a	 ﾠ framework	 ﾠ for	 ﾠ environmental	 ﾠ
compensation	 ﾠ at	 ﾠ wind	 ﾠ farms	 ﾠ based	 ﾠ on	 ﾠ the	 ﾠ Toolkit's	 ﾠ equivalency	 ﾠ
analysis	 ﾠ method	 ﾠ and	 ﾠ illustrate	 ﾠ this	 ﾠ approach	 ﾠ hypothetically	 ﾠ for	 ﾠ the	 ﾠ
Smøla	 ﾠwind	 ﾠfarm	 ﾠin	 ﾠNorway.	 ﾠThe	 ﾠwind	 ﾠfarm,	 ﾠwhich	 ﾠis	 ﾠowned	 ﾠby	 ﾠthe	 ﾠ
National	 ﾠ Power	 ﾠ Company	 ﾠ in	 ﾠ Norway	 ﾠ known	 ﾠ as	 ﾠ Statkraft,	 ﾠ began	 ﾠ
operation	 ﾠin	 ﾠ2002	 ﾠand	 ﾠby	 ﾠ2005	 ﾠincluded	 ﾠa	 ﾠtotal	 ﾠof	 ﾠ68	 ﾠland-ﾭ‐based	 ﾠwind	 ﾠ
turbines	 ﾠ[8,9].	 ﾠ	 ﾠBetween	 ﾠ2005	 ﾠand	 ﾠ2009,	 ﾠat	 ﾠleast	 ﾠ26	 ﾠsea	 ﾠeagles	 ﾠhave	 ﾠ
died	 ﾠdue	 ﾠto	 ﾠcollisions	 ﾠwith	 ﾠthe	 ﾠturbines	 ﾠ[10,11,12].	 ﾠThe	 ﾠhigh	 ﾠrate	 ﾠof	 ﾠ
collision	 ﾠ mortality	 ﾠ is	 ﾠ somewhat	 ﾠ rare	 ﾠ among	 ﾠ avian	 ﾠ studies	 ﾠ of	 ﾠ wind	 ﾠ
power	 ﾠprojects	 ﾠ[13,14],	 ﾠalthough	 ﾠraptor	 ﾠcollisions	 ﾠwith	 ﾠturbines	 ﾠhave	 ﾠ
been	 ﾠdocumented	 ﾠin	 ﾠseveral	 ﾠcountries.4	 ﾠ	 ﾠIn	 ﾠ2006,	 ﾠfollowing	 ﾠcollection	 ﾠ
of	 ﾠdead	 ﾠsea	 ﾠeagle	 ﾠcarcasses	 ﾠunder	 ﾠturbines,	 ﾠStatkraft	 ﾠfunded	 ﾠa	 ﾠfour-ﾭ‐
year	 ﾠresearch	 ﾠproject	 ﾠmanaged	 ﾠby	 ﾠthe	 ﾠNorwegian	 ﾠInstitute	 ﾠfor	 ﾠNature	 ﾠ
Research	 ﾠ(NINA)	 ﾠ[19],	 ﾠto	 ﾠbetter	 ﾠunderstand	 ﾠthe	 ﾠcauses	 ﾠof	 ﾠbird-ﾭ‐turbine	 ﾠ
collisions	 ﾠin	 ﾠgeneral	 ﾠand	 ﾠto	 ﾠbetter	 ﾠinform	 ﾠthe	 ﾠplanning	 ﾠof	 ﾠfuture	 ﾠwind	 ﾠ
turbines.	 ﾠ This	 ﾠ study,	 ﾠ which	 ﾠ develops	 ﾠ a	 ﾠ framework	 ﾠ for	 ﾠ wind	 ﾠ power	 ﾠ
compensation	 ﾠ measures,	 ﾠ is	 ﾠ funded	 ﾠ by	 ﾠ the	 ﾠ Swedish	 ﾠ Environmental	 ﾠ
Protection	 ﾠ Agency	 ﾠ [20],	 ﾠ but	 ﾠ considers	 ﾠ research	 ﾠ being	 ﾠ conducted	 ﾠ by	 ﾠ
NINA.	 ﾠ
While	 ﾠcompensation	 ﾠfor	 ﾠwind	 ﾠpower's	 ﾠenvironmental	 ﾠimpacts	 ﾠhave	 ﾠ
occurred	 ﾠin	 ﾠScotland	 ﾠand	 ﾠthe	 ﾠUS,	 ﾠamong	 ﾠother	 ﾠplaces	 ﾠ[21,22],	 ﾠrarely	 ﾠ
have	 ﾠthe	 ﾠimpacts	 ﾠbeen	 ﾠquantified	 ﾠusing	 ﾠan	 ﾠenvironmental	 ﾠmetric,	 ﾠor	 ﾠ
the	 ﾠcompensation	 ﾠscaled	 ﾠto	 ﾠmatch	 ﾠthe	 ﾠsize	 ﾠof	 ﾠthe	 ﾠdamage.	 ﾠThe	 ﾠEU's	 ﾠ
REMEDE	 ﾠ approach	 ﾠ based	 ﾠ on	 ﾠ equivalency	 ﾠ analysis	 ﾠ -ﾭ‐-ﾭ‐	 ﾠw h i c h 	 ﾠi s 	 ﾠu s e d 	 ﾠ
extensively	 ﾠ in	 ﾠ the	 ﾠU S 	 ﾠt o 	 ﾠc o m p e n s a t e 	 ﾠt h e 	 ﾠp u b l i c 	 ﾠf o r 	 ﾠe n v i r o n m e n t a l 	 ﾠ
losses	 ﾠ arising	 ﾠ from	 ﾠ oil	 ﾠ and	 ﾠ chemical	 ﾠ spills	 ﾠ or	 ﾠ other	 ﾠ human-ﾭ‐induced	 ﾠ
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 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
3	 ﾠI	 ﾠuse	 ﾠthe	 ﾠword	 ﾠrestoration	 ﾠto	 ﾠrefer	 ﾠto	 ﾠa	 ﾠcompensation	 ﾠaction.	 ﾠThe	 ﾠREMEDE	 ﾠToolkit	 ﾠ
uses	 ﾠ(complementary	 ﾠor	 ﾠcompensatory)	 ﾠremediation	 ﾠto	 ﾠrefer	 ﾠto	 ﾠthe	 ﾠsame	 ﾠidea.	 ﾠ
4	 ﾠRaptor	 ﾠcollisions	 ﾠare	 ﾠdocumented	 ﾠin	 ﾠSweden	 ﾠ[15,16,17],	 ﾠGermany	 ﾠ[18],	 ﾠUS	 ﾠ[6]	 ﾠand	 ﾠ
Spain	 ﾠ[14].	 ﾠ	 ﾠ
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environmental	 ﾠdamage5	 ﾠ[23-ﾭ‐28]	 ﾠ-ﾭ‐-ﾭ‐	 ﾠrepresents	 ﾠa	 ﾠquantitative,	 ﾠconsistent	 ﾠ
and	 ﾠtransparent	 ﾠframework	 ﾠfor	 ﾠinforming	 ﾠcompensation	 ﾠat	 ﾠwind	 ﾠfarms.	 ﾠ
In	 ﾠ doing	 ﾠ so,	 ﾠ the	 ﾠ approach	 ﾠ provides	 ﾠ a	 ﾠ rough	 ﾠ approximation	 ﾠ of	 ﾠ lost	 ﾠ
resource	 ﾠ value	 ﾠ based	 ﾠ on	 ﾠ the	 ﾠ costs	 ﾠ to	 ﾠ restore	 ﾠ similar	 ﾠ resources	 ﾠ (see	 ﾠ
Step	 ﾠFour).	 ﾠ
The	 ﾠ provision	 ﾠ of	 ﾠ environmental	 ﾠ compensation	 ﾠ for	 ﾠ wind	 ﾠ power	 ﾠ
development	 ﾠmay	 ﾠincrease	 ﾠfor	 ﾠseveral	 ﾠreasons.	 ﾠFirst,	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠ
project	 ﾠproposals	 ﾠin	 ﾠEurope	 ﾠhas	 ﾠincreased	 ﾠdramatically	 ﾠin	 ﾠrecent	 ﾠyears.	 ﾠ
Whether	 ﾠ these	 ﾠ projects	 ﾠ are	 ﾠ (1)	 ﾠ built	 ﾠ or	 ﾠ (2)	 ﾠ require	 ﾠ compensation,	 ﾠ
depend	 ﾠ on	 ﾠ a	 ﾠ number	 ﾠ of	 ﾠ variables.	 ﾠ However,	 ﾠ the	 ﾠ pressure	 ﾠ to	 ﾠ offset	 ﾠ
environmental	 ﾠimpacts	 ﾠmay	 ﾠincrease	 ﾠas	 ﾠless	 ﾠideal	 ﾠsites	 ﾠare	 ﾠdeveloped	 ﾠ
for	 ﾠ wind	 ﾠ energy.	 ﾠ Second,	 ﾠ power	 ﾠ companies	 ﾠ that	 ﾠ sell	 ﾠ "green-ﾭ‐labeled"	 ﾠ
electricity	 ﾠ may	 ﾠ wish	 ﾠ to	 ﾠ lessen	 ﾠ the	 ﾠ environmental	 ﾠ impact	 ﾠ of	 ﾠ their	 ﾠ
product.	 ﾠ Compensatory	 ﾠ restoration	 ﾠ at	 ﾠ wind	 ﾠ farms	 ﾠ -ﾭ‐-ﾭ‐	 ﾠi n 	 ﾠc o n j u n c t i o n 	 ﾠ
with	 ﾠ the	 ﾠ CO2	 ﾠe m i s s i o n s 	 ﾠb e n e f i t 	 ﾠ-ﾭ‐-ﾭ‐	 ﾠc o u l d 	 ﾠp r o v i d e 	 ﾠa 	 ﾠm o r e 	 ﾠc o n v i n c i n g 	 ﾠ
environmental	 ﾠ argument	 ﾠ for	 ﾠ their	 ﾠ product.6	 ﾠT h i r d l y , 	 ﾠw h i l e 	 ﾠm o s t 	 ﾠ
countries	 ﾠhave	 ﾠsigned	 ﾠagreements	 ﾠto	 ﾠreduce	 ﾠCO2	 ﾠemissions,	 ﾠcountries	 ﾠ
have	 ﾠalso	 ﾠsigned	 ﾠinternational	 ﾠagreements	 ﾠaimed	 ﾠat	 ﾠslowing	 ﾠthe	 ﾠloss	 ﾠof	 ﾠ
biodiversity,	 ﾠ which	 ﾠ may	 ﾠ conflict	 ﾠ with	 ﾠ wind	 ﾠ power	 ﾠ development	 ﾠ in	 ﾠ
terms	 ﾠof	 ﾠspecies	 ﾠand	 ﾠhabitat	 ﾠloss.	 ﾠFor	 ﾠexample,	 ﾠNorway	 ﾠis	 ﾠpart	 ﾠof	 ﾠthe	 ﾠ
EU	 ﾠ quota	 ﾠ system	 ﾠ for	 ﾠ CO2	 ﾠr e d u c t i o n 	 ﾠa s 	 ﾠw e l l 	 ﾠa s 	 ﾠt h e 	 ﾠC o n v e n t i o n 	 ﾠo n	 ﾠ
Biological	 ﾠ Diversity	 ﾠ [29,30].7	 ﾠT h u s , 	 ﾠe n v i r o n m e n t a l 	 ﾠc o m p e n s a tion	 ﾠ for	 ﾠ
wind	 ﾠ power	 ﾠ impacts	 ﾠ may	 ﾠ provide	 ﾠ an	 ﾠ opportunity	 ﾠ for	 ﾠ countries	 ﾠ to	 ﾠ
achieve	 ﾠboth	 ﾠenvironmental	 ﾠgoals	 ﾠsimultaneously.	 ﾠ	 ﾠ	 ﾠ
The	 ﾠ remainder	 ﾠ of	 ﾠ this	 ﾠ paper	 ﾠ is	 ﾠ structured	 ﾠ as	 ﾠ follows:	 ﾠ After	 ﾠ a	 ﾠ
description	 ﾠ of	 ﾠ the	 ﾠ compensation	 ﾠ framework	 ﾠ based	 ﾠ on	 ﾠ equivalency	 ﾠ
analysis,	 ﾠI	 ﾠillustrate	 ﾠits	 ﾠapplication	 ﾠto	 ﾠthe	 ﾠSmøla	 ﾠwind	 ﾠfarm.	 ﾠWhile	 ﾠdata	 ﾠ
are	 ﾠnot	 ﾠyet	 ﾠavailable	 ﾠto	 ﾠprovide	 ﾠdefinitive	 ﾠconclusions	 ﾠregarding	 ﾠthe	 ﾠ
extent	 ﾠof	 ﾠcompensation	 ﾠat	 ﾠSmøla,	 ﾠthe	 ﾠcase	 ﾠstudy	 ﾠprovides	 ﾠa	 ﾠconcrete	 ﾠ-ﾭ‐	 ﾠif	 ﾠ
hypothetical	 ﾠ-ﾭ‐	 ﾠexample	 ﾠof	 ﾠhow	 ﾠto	 ﾠquantitatively	 ﾠassess	 ﾠthe	 ﾠextent	 ﾠof	 ﾠ
damage	 ﾠand	 ﾠto	 ﾠdetermine	 ﾠa	 ﾠreasonable	 ﾠamount	 ﾠof	 ﾠcompensation	 ﾠcredit.	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
5	 ﾠ I	 ﾠ am	 ﾠ unaware	 ﾠ of	 ﾠr e s o u r c e 	 ﾠe q u i v a l e n c y 	 ﾠa n a l y s e s 	 ﾠa p p l i e d 	 ﾠt o 	 ﾠw i n d 	 ﾠp o w e r 	 ﾠp r o j e c t s . 	 ﾠ
While	 ﾠ the	 ﾠ pathway	 ﾠ of	 ﾠ bird	 ﾠ injury	 ﾠ differs	 ﾠ with	 ﾠ turbine	 ﾠ collisions,	 ﾠ the	 ﾠ equivalency	 ﾠ
framework	 ﾠremains	 ﾠunchanged.	 ﾠ
6	 ﾠSweden's	 ﾠ"bra	 ﾠmiljöval"	 ﾠprogram	 ﾠcertifies	 ﾠ"green"	 ﾠelectricity	 ﾠproduced	 ﾠfrom	 ﾠwind	 ﾠ
power	 ﾠif	 ﾠit	 ﾠis	 ﾠnot	 ﾠdeveloped	 ﾠin	 ﾠbird	 ﾠmigration	 ﾠareas	 ﾠor	 ﾠhigh	 ﾠquality	 ﾠhabitat	 ﾠ[31].	 ﾠThe	 ﾠ
program	 ﾠ does	 ﾠ not	 ﾠ currently	 ﾠ consider	 ﾠ environmental	 ﾠ gains	 ﾠ associated	 ﾠ with	 ﾠ
compensatory	 ﾠrestoration	 ﾠmeasures.	 ﾠ
7	 ﾠNorway's	 ﾠreport	 ﾠon	 ﾠthe	 ﾠmanagement	 ﾠof	 ﾠbiodiversity	 ﾠnotes:	 ﾠ"It	 ﾠis	 ﾠimportant	 ﾠto	 ﾠensure	 ﾠ
the	 ﾠexpansion	 ﾠof	 ﾠwind	 ﾠand	 ﾠwater	 ﾠpower	 ﾠhappens	 ﾠwithout	 ﾠnegative	 ﾠeffects	 ﾠon	 ﾠnatural	 ﾠ
diversity	 ﾠ..."	 ﾠ(see	 ﾠ[30]	 ﾠp.	 ﾠ87).	 ﾠ	 ﾠ
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The	 ﾠpaper	 ﾠconcludes	 ﾠwith	 ﾠsome	 ﾠkey	 ﾠfindings	 ﾠ(including	 ﾠa	 ﾠdiscussion	 ﾠof	 ﾠ
costs)	 ﾠand	 ﾠdiscusses	 ﾠthe	 ﾠlimits	 ﾠof	 ﾠequivalency	 ﾠanalysis.	 ﾠ
	 ﾠ
1.1  REMEDE	 ﾠToolkit	 ﾠapproach	 ﾠto	 ﾠenvironmental	 ﾠcompensation8	 ﾠ	 ﾠ	 ﾠ	 ﾠ
	 ﾠ
The	 ﾠ EU's	 ﾠ Environmental	 ﾠ Liability	 ﾠ Directive	 ﾠ (ELD)	 ﾠ [Directive	 ﾠ
2004/35/EC]	 ﾠentered	 ﾠinto	 ﾠforce	 ﾠin	 ﾠ2007.	 ﾠAlthough	 ﾠthe	 ﾠELD	 ﾠdoes	 ﾠnot	 ﾠ
cover	 ﾠthe	 ﾠenvironmental	 ﾠimpacts	 ﾠof	 ﾠwind	 ﾠpower	 ﾠfacilities,	 ﾠit	 ﾠis	 ﾠrelevant	 ﾠ
because	 ﾠit	 ﾠwas	 ﾠthe	 ﾠfirst	 ﾠDirective	 ﾠto	 ﾠexplicitly	 ﾠidentify	 ﾠa	 ﾠframework	 ﾠfor	 ﾠ
environmental	 ﾠ compensation.	 ﾠ It	 ﾠ requires	 ﾠ that	 ﾠ damage	 ﾠ be	 ﾠ restored	 ﾠ
[remediated]	 ﾠso	 ﾠthat	 ﾠthe	 ﾠaffected	 ﾠenvironment	 ﾠreturns	 ﾠto	 ﾠ(or	 ﾠtoward)	 ﾠ
its	 ﾠbaseline	 ﾠcondition	 ﾠand	 ﾠthat	 ﾠthe	 ﾠpublic	 ﾠis	 ﾠcompensated	 ﾠfor	 ﾠthe	 ﾠinitial	 ﾠ
damage	 ﾠ and	 ﾠ the	 ﾠ losses	 ﾠ during	 ﾠ the	 ﾠ time	 ﾠ the	 ﾠ environment	 ﾠ takes	 ﾠ to	 ﾠ
recover	 ﾠ (interim	 ﾠ losses).	 ﾠ To	 ﾠ inform	 ﾠ compensation	 ﾠ in	 ﾠ practice,	 ﾠ the	 ﾠ
European	 ﾠCommission	 ﾠfunded	 ﾠthe	 ﾠREMEDE	 ﾠresearch	 ﾠproject	 ﾠ(Resource	 ﾠ
Equivalency	 ﾠMethods	 ﾠfor	 ﾠAssessing	 ﾠEnvironmental	 ﾠDamage	 ﾠin	 ﾠthe	 ﾠEU).	 ﾠ
The	 ﾠresult	 ﾠwas	 ﾠthe	 ﾠ2008	 ﾠREMEDE	 ﾠToolkit	 ﾠ[Lipton	 ﾠet	 ﾠal	 ﾠ2008]	 ﾠwhich	 ﾠ
explains	 ﾠ the	 ﾠ use	 ﾠ of	 ﾠ equivalency	 ﾠ analysis	 ﾠ (also	 ﾠ called	 ﾠ resource	 ﾠ
equivalency	 ﾠ methods)	 ﾠ as	 ﾠ the	 ﾠ preferred	 ﾠ approach	 ﾠ for	 ﾠ scaling	 ﾠ the	 ﾠ
amount	 ﾠ and	 ﾠ type	 ﾠ of	 ﾠ compensation	 ﾠ for	 ﾠ environmental	 ﾠ damage	 ﾠ in	 ﾠ
Europe	 ﾠ (applicable	 ﾠ under	 ﾠ a	 ﾠ variety	 ﾠ of	 ﾠ Directives9).	 ﾠ The	 ﾠ REMEDE	 ﾠ
Toolkit	 ﾠ identifies	 ﾠ five	 ﾠ basic	 ﾠ steps	 ﾠ in	 ﾠ implementing	 ﾠ an	 ﾠ equivalency	 ﾠ
analysis:	 ﾠ
  Step	 ﾠOne:	 ﾠInitial	 ﾠevaluation	 ﾠ	 ﾠ
  Step	 ﾠTwo:	 ﾠDetermine	 ﾠthe	 ﾠenvironmental	 ﾠdamage	 ﾠ(debit)	 ﾠ
  Step	 ﾠ Three:	 ﾠ Determine	 ﾠ the	 ﾠ environmental	 ﾠ gains	 ﾠ from	 ﾠ restoration	 ﾠ
(credit)	 ﾠ
  Step	 ﾠFour:	 ﾠScale	 ﾠrestoration	 ﾠ("how	 ﾠmuch	 ﾠis	 ﾠenough?")	 ﾠ
  Step	 ﾠFive:	 ﾠMonitoring	 ﾠand	 ﾠreporting	 ﾠ	 ﾠ
Given	 ﾠ a	 ﾠ case	 ﾠ of	 ﾠ environmental	 ﾠ damage	 ﾠ requiring	 ﾠ compensation,	 ﾠ
equivalency	 ﾠ analysis	 ﾠ answers	 ﾠ two	 ﾠ questions:	 ﾠ (1)	 ﾠ how	 ﾠ much	 ﾠ of	 ﾠ a	 ﾠ
resource/service	 ﾠ was	 ﾠ damaged?	 ﾠ and	 ﾠ (2)	 ﾠ how	 ﾠ much	 ﾠ of	 ﾠ a	 ﾠ
resource/service	 ﾠshould	 ﾠbe	 ﾠrestored?	 ﾠFigure	 ﾠI-ﾭ‐1	 ﾠillustrates	 ﾠthe	 ﾠcase	 ﾠof	 ﾠ
environmental	 ﾠdamage,	 ﾠknown	 ﾠas	 ﾠthe	 ﾠdebit,	 ﾠand	 ﾠFigure	 ﾠI-ﾭ‐2	 ﾠillustrates	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
8	 ﾠThis	 ﾠsection	 ﾠdraws	 ﾠupon	 ﾠ[32]	 ﾠto	 ﾠprovide	 ﾠa	 ﾠsimplified	 ﾠexplanation	 ﾠof	 ﾠthe	 ﾠREMEDE	 ﾠ
Toolkit	 ﾠfor	 ﾠthe	 ﾠpurpose	 ﾠof	 ﾠthis	 ﾠparticular	 ﾠcase	 ﾠstudy.	 ﾠMore	 ﾠinfo	 ﾠin	 ﾠ[7].	 ﾠ
9	 ﾠIn	 ﾠaddition	 ﾠto	 ﾠthe	 ﾠELD,	 ﾠsee	 ﾠalso	 ﾠHabitat	 ﾠand	 ﾠWild	 ﾠBirds	 ﾠand	 ﾠEnvironmental	 ﾠImpact	 ﾠ
Assessment	 ﾠDirectives	 ﾠ(see	 ﾠwww.envliability.eu).	 ﾠ	 ﾠ
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the	 ﾠ case	 ﾠ of	 ﾠ environmental	 ﾠ restoration,	 ﾠ known	 ﾠ as	 ﾠ the	 ﾠ credit.	 ﾠ The	 ﾠ
objective	 ﾠ is	 ﾠ to	 ﾠ measure	 ﾠ the	 ﾠ size	 ﾠ of	 ﾠ the	 ﾠ debit	 ﾠ (loss)	 ﾠ and	 ﾠ credit	 ﾠ from	 ﾠ
restoration	 ﾠ (gain)	 ﾠ and	 ﾠ ensure	 ﾠ they	 ﾠ are	 ﾠ "equivalent"	 ﾠ over	 ﾠ time,	 ﾠ thus	 ﾠ
compensating	 ﾠthe	 ﾠpublic	 ﾠfor	 ﾠresource	 ﾠloss.	 ﾠ
	 ﾠ
Figure	 ﾠI-ﾭ‐1:	 ﾠAnatomy	 ﾠof	 ﾠenvironmental	 ﾠdamage	 ﾠ(debit)	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ	 ﾠ
Figure	 ﾠI-ﾭ‐1	 ﾠshows	 ﾠa	 ﾠstylized	 ﾠpicture	 ﾠof	 ﾠenvironmental	 ﾠdamage	 ﾠover	 ﾠ
time	 ﾠ(Step	 ﾠTwo).	 ﾠThe	 ﾠy-ﾭ‐axis	 ﾠmeasures	 ﾠthe	 ﾠquality	 ﾠand/or	 ﾠquantity	 ﾠof	 ﾠan	 ﾠ
impacted	 ﾠ resource	 ﾠ or	 ﾠ service.	 ﾠ It	 ﾠ can	 ﾠ be	 ﾠ measured	 ﾠ in	 ﾠ any	 ﾠ metric,	 ﾠ
including	 ﾠmoney.	 ﾠIn	 ﾠthis	 ﾠstudy	 ﾠI	 ﾠuse	 ﾠ"bird	 ﾠyears"	 ﾠ(see	 ﾠmore	 ﾠbelow).	 ﾠ
Importantly,	 ﾠan	 ﾠenvironmental	 ﾠmetric	 ﾠprovides	 ﾠa	 ﾠproxy	 ﾠto	 ﾠmeasure	 ﾠthe	 ﾠ
change	 ﾠ (loss	 ﾠ or	 ﾠ gain)	 ﾠ in	 ﾠ the	 ﾠ level	 ﾠ of	 ﾠ environmental	 ﾠ services	 ﾠ or	 ﾠ the	 ﾠ
quality/quantity	 ﾠ of	 ﾠ a	 ﾠ resource.	 ﾠ The	 ﾠ x-ﾭ‐axis	 ﾠ shows	 ﾠ the	 ﾠ change	 ﾠ in	 ﾠ the	 ﾠ
quality/quantity	 ﾠof	 ﾠthe	 ﾠimpacted	 ﾠresource/service	 ﾠover	 ﾠtime.	 ﾠFigure	 ﾠI-ﾭ‐1	 ﾠ
shows	 ﾠan	 ﾠincident	 ﾠdate,	 ﾠthe	 ﾠbeginning	 ﾠof	 ﾠsome	 ﾠenvironmental	 ﾠloss.	 ﾠThe	 ﾠ
first	 ﾠ solid,	 ﾠ then	 ﾠ dashed,	 ﾠ line	 ﾠ at	 ﾠ the	 ﾠ top	 ﾠ shows	 ﾠ the	 ﾠ baseline,	 ﾠ which	 ﾠ
reflects	 ﾠ the	 ﾠ condition	 ﾠ of	 ﾠ the	 ﾠ resource/services	 ﾠ had	 ﾠ the	 ﾠ damage	 ﾠ not	 ﾠ
occurred	 ﾠ and	 ﾠ illustrates	 ﾠ when	 ﾠ recovery	 ﾠ of	 ﾠ a	 ﾠ damaged	 ﾠ resource	 ﾠ is	 ﾠ
complete.	 ﾠFor	 ﾠexample,	 ﾠthe	 ﾠenvironmental	 ﾠloss	 ﾠ(debit)	 ﾠstops	 ﾠaccruing	 ﾠ
when	 ﾠthe	 ﾠresource	 ﾠhas	 ﾠreturned	 ﾠto	 ﾠits	 ﾠbaseline	 ﾠlevel	 ﾠthrough	 ﾠnatural	 ﾠ
recovery	 ﾠ or	 ﾠ some	 ﾠ active	 ﾠ measure.	 ﾠ In	 ﾠ this	 ﾠ case,	 ﾠ I	 ﾠ assume	 ﾠ primary	 ﾠ
restoration	 ﾠ measures	 ﾠ are	 ﾠ actively	 ﾠ taken	 ﾠ to	 ﾠ reach	 ﾠ baseline.	 ﾠ These	 ﾠ	 ﾠ
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measures	 ﾠ-ﾭ‐-ﾭ‐	 ﾠsuch	 ﾠas	 ﾠturning	 ﾠoff	 ﾠturbines	 ﾠduring	 ﾠhigh	 ﾠeagle	 ﾠactivity10	 ﾠ-ﾭ‐-ﾭ‐	 ﾠ
are	 ﾠ aimed	 ﾠ at	 ﾠ reducing	 ﾠ bird	 ﾠ collisions	 ﾠ and	 ﾠ to	 ﾠ return	 ﾠ to	 ﾠ (or	 ﾠ toward)	 ﾠ
baseline.	 ﾠ The	 ﾠ key	 ﾠ implication	 ﾠ of	 ﾠ Figure	 ﾠ I-ﾭ‐1	 ﾠ is	 ﾠ that	 ﾠ even	 ﾠ if	 ﾠ primary	 ﾠ
restoration	 ﾠis	 ﾠimplemented,	 ﾠan	 ﾠinterim	 ﾠloss	 ﾠ(shaded	 ﾠarea)	 ﾠhas	 ﾠaccrued	 ﾠ
to	 ﾠthe	 ﾠpublic	 ﾠover	 ﾠtime	 ﾠbecause	 ﾠthe	 ﾠquality/quantity	 ﾠof	 ﾠthe	 ﾠresource	 ﾠ
has	 ﾠdeclined.	 ﾠThe	 ﾠREMEDE	 ﾠapproach	 ﾠprovides	 ﾠa	 ﾠmethod	 ﾠfor	 ﾠensuring	 ﾠ
the	 ﾠpublic	 ﾠis	 ﾠcompensated	 ﾠfor	 ﾠthis	 ﾠinterim	 ﾠloss.	 ﾠ
Given	 ﾠa	 ﾠquantitative	 ﾠestimate	 ﾠof	 ﾠthe	 ﾠsize	 ﾠof	 ﾠthe	 ﾠdamage	 ﾠ(debit),	 ﾠthe	 ﾠ
second	 ﾠquestion	 ﾠcan	 ﾠbe	 ﾠaddressed:	 ﾠhow	 ﾠmuch	 ﾠrestoration	 ﾠ(credit)	 ﾠdo	 ﾠ
we	 ﾠneed	 ﾠto	 ﾠcompensate	 ﾠthe	 ﾠpublic	 ﾠfor	 ﾠthis	 ﾠdamage?	 ﾠThe	 ﾠcompensation	 ﾠ
provided	 ﾠ to	 ﾠ offset	 ﾠ the	 ﾠ interim	 ﾠ loss	 ﾠ in	 ﾠ Figure	 ﾠ I-ﾭ‐1	 ﾠ is	 ﾠ referred	 ﾠ to	 ﾠ as	 ﾠ
compensatory	 ﾠ restoration,11	 ﾠw h i c h 	 ﾠi s 	 ﾠa 	 ﾠr e s t o r a t i o n 	 ﾠp r o j e c t 	 ﾠt h a t 	 ﾠ
provides	 ﾠquantifiable	 ﾠgains	 ﾠin	 ﾠthe	 ﾠresource	 ﾠthat	 ﾠwas	 ﾠdamaged.	 ﾠIn	 ﾠthis	 ﾠ
case,	 ﾠprojects	 ﾠthat	 ﾠproduce	 ﾠ"bird	 ﾠyears."	 ﾠAn	 ﾠillustration	 ﾠof	 ﾠthe	 ﾠconcept	 ﾠ
of	 ﾠproducing	 ﾠ"bird	 ﾠyears"	 ﾠis	 ﾠshown	 ﾠin	 ﾠFigure	 ﾠI-ﾭ‐2.	 ﾠ
	 ﾠ
Figure	 ﾠI-ﾭ‐2:	 ﾠAnatomy	 ﾠof	 ﾠenvironmental	 ﾠgains	 ﾠ(credit)	 ﾠ
	 ﾠ
	 ﾠ	 ﾠ
Figure	 ﾠ I-ﾭ‐2	 ﾠ measures	 ﾠ the	 ﾠ environmental	 ﾠ gain	 ﾠ per	 ﾠ unit	 ﾠ in	 ﾠ quality	 ﾠ
and/or	 ﾠquantity	 ﾠof	 ﾠa	 ﾠresource/service	 ﾠover	 ﾠtime	 ﾠ(Step	 ﾠThree).	 ﾠThe	 ﾠY-ﾭ‐
axis	 ﾠis	 ﾠmeasured	 ﾠin	 ﾠthe	 ﾠsame	 ﾠmetric	 ﾠthat	 ﾠwas	 ﾠused	 ﾠto	 ﾠproxy	 ﾠthe	 ﾠlevel	 ﾠof	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
10	 ﾠResearchers	 ﾠare	 ﾠinvestigating	 ﾠpossible	 ﾠprimary	 ﾠrestoration	 ﾠmeasures	 ﾠat	 ﾠSmøla,	 ﾠsee	 ﾠ
[19].	 ﾠ
11	 ﾠ REMEDE	 ﾠ distinguishes	 ﾠ between	 ﾠ complementary	 ﾠ and	 ﾠ compensatory	 ﾠ restoration	 ﾠ
[remediation];	 ﾠthe	 ﾠformer	 ﾠis	 ﾠwhen	 ﾠa	 ﾠresource	 ﾠnever	 ﾠreturns	 ﾠto	 ﾠbaseline.	 ﾠI	 ﾠfocus	 ﾠonly	 ﾠ
on	 ﾠcompensatory	 ﾠrestoration.	 ﾠ	 ﾠ
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environmental	 ﾠ services	 ﾠ in	 ﾠ Figure	 ﾠ I-ﾭ‐1	 ﾠ (in	 ﾠ this	 ﾠ case	 ﾠ "bird	 ﾠ years").	 ﾠ
Further,	 ﾠ the	 ﾠ credit	 ﾠ is	 ﾠ measured	 ﾠ on	 ﾠ a	 ﾠ per	 ﾠ unit	 ﾠ basis	 ﾠ (e.g.,	 ﾠ per	 ﾠ acre	 ﾠ
restored,	 ﾠ per	 ﾠ nest	 ﾠ protected,	 ﾠ per	 ﾠ utility	 ﾠ pole	 ﾠ retrofitted,	 ﾠ etc),	 ﾠ which	 ﾠ
allows	 ﾠus	 ﾠto	 ﾠ"scale"	 ﾠthe	 ﾠcorrect	 ﾠamount	 ﾠof	 ﾠrestoration	 ﾠin	 ﾠStep	 ﾠFour.	 ﾠA	 ﾠ
restored	 ﾠ resource	 ﾠ is	 ﾠ assumed	 ﾠ to	 ﾠ have	 ﾠ a	 ﾠ trajectory	 ﾠ of	 ﾠ gains,	 ﾠ starting	 ﾠ
when	 ﾠthe	 ﾠrestoration	 ﾠproject	 ﾠbegins.	 ﾠThe	 ﾠbaseline	 ﾠis	 ﾠimportant	 ﾠbecause	 ﾠ
it	 ﾠ describes	 ﾠ the	 ﾠ condition	 ﾠ of	 ﾠ the	 ﾠ resource	 ﾠ prior	 ﾠ to	 ﾠ undertaking	 ﾠ the	 ﾠ
restoration	 ﾠ (e.g.,	 ﾠ highly	 ﾠf u n c t i o n i n g 	 ﾠe c o s y s t e m s 	 ﾠl e a v e 	 ﾠl e s s 	 ﾠr o o m 	 ﾠf o r 	 ﾠ
gains).	 ﾠIn	 ﾠFigure	 ﾠI-ﾭ‐2,	 ﾠthe	 ﾠbaseline	 ﾠis	 ﾠassumed	 ﾠto	 ﾠprovide	 ﾠsome	 ﾠnon-ﾭ‐zero	 ﾠ
level	 ﾠof	 ﾠenvironmental	 ﾠservices.	 ﾠ
Step	 ﾠFour	 ﾠensures	 ﾠequivalence	 ﾠbetween	 ﾠthe	 ﾠtotal	 ﾠdebit	 ﾠand	 ﾠthe	 ﾠper	 ﾠ
unit	 ﾠ credit.	 ﾠ To	 ﾠ determine	 ﾠ "how	 ﾠ much	 ﾠ is	 ﾠ enough,"	 ﾠ simply	 ﾠ divide	 ﾠ the	 ﾠ
total	 ﾠdebit	 ﾠby	 ﾠthe	 ﾠper	 ﾠunit	 ﾠcredit,	 ﾠwhich	 ﾠis	 ﾠreferred	 ﾠto	 ﾠas	 ﾠscaling.	 ﾠBy	 ﾠ
virtue	 ﾠof	 ﾠthe	 ﾠpolluter	 ﾠpays	 ﾠprinciple	 ﾠ-ﾭ‐	 ﾠwhich	 ﾠunderlies	 ﾠEU	 ﾠDirectives	 ﾠ
covering	 ﾠ compensation	 ﾠ -ﾭ‐	 ﾠc o m p e n s a t i o n 	 ﾠs h o u l d 	 ﾠb e 	 ﾠp a i d 	 ﾠb y 	 ﾠt h o s e 	 ﾠ
causing	 ﾠthe	 ﾠdamage.	 ﾠ
The	 ﾠissue	 ﾠof	 ﾠtiming	 ﾠin	 ﾠequivalency	 ﾠanalysis	 ﾠis	 ﾠkey	 ﾠbecause	 ﾠthe	 ﾠdebit	 ﾠ
and	 ﾠcredit	 ﾠfrequently	 ﾠoccur	 ﾠat	 ﾠdifferent	 ﾠtimes	 ﾠ(e.g.,	 ﾠdebits	 ﾠmay	 ﾠoccur	 ﾠin	 ﾠ
the	 ﾠpast	 ﾠand	 ﾠfuture,	 ﾠwhile	 ﾠthe	 ﾠcredit	 ﾠgenerally	 ﾠoccurs	 ﾠin	 ﾠthe	 ﾠfuture).	 ﾠ
Economists	 ﾠargue	 ﾠthat	 ﾠthe	 ﾠtiming	 ﾠat	 ﾠwhich	 ﾠwe	 ﾠare	 ﾠable	 ﾠto	 ﾠconsume	 ﾠ
goods	 ﾠ-ﾭ‐-ﾭ‐	 ﾠenvironmental	 ﾠor	 ﾠprivate	 ﾠ-ﾭ‐-ﾭ‐	 ﾠaffects	 ﾠthe	 ﾠvalue	 ﾠwe	 ﾠhold	 ﾠfor	 ﾠthem:	 ﾠ
we	 ﾠprefer	 ﾠto	 ﾠconsume	 ﾠ"good"	 ﾠthings	 ﾠtoday	 ﾠrather	 ﾠthan	 ﾠtomorrow	 ﾠ(and	 ﾠ
vice	 ﾠversa	 ﾠfor	 ﾠ"bad"	 ﾠthings).	 ﾠEconomists	 ﾠrefer	 ﾠto	 ﾠthis	 ﾠinherent	 ﾠhuman	 ﾠ
"impatience"	 ﾠ for	 ﾠ consuming	 ﾠ as	 ﾠ a	 ﾠp o s i t i v e 	 ﾠt i m e 	 ﾠp r e f e r e n c e , 	 ﾠs e e 	 ﾠ[ 3 3 ] . 	 ﾠ
Thus,	 ﾠwe	 ﾠneed	 ﾠa	 ﾠprocedure	 ﾠto	 ﾠensure	 ﾠthat	 ﾠdebits	 ﾠand	 ﾠcredits	 ﾠthat	 ﾠoccur	 ﾠ
at	 ﾠdifferent	 ﾠtimes	 ﾠare	 ﾠcompared	 ﾠ(valued)	 ﾠon	 ﾠan	 ﾠequal	 ﾠbasis.	 ﾠTo	 ﾠdo	 ﾠthis,	 ﾠI	 ﾠ
apply	 ﾠ a	 ﾠ present	 ﾠ value	 ﾠ multiplier	 ﾠ to	 ﾠ the	 ﾠ value	 ﾠ of	 ﾠ debits	 ﾠ and	 ﾠ credits,	 ﾠ
based	 ﾠo n 	 ﾠa n 	 ﾠa s s u m e d 	 ﾠd i s c o u n t	 ﾠ rate	 ﾠ (I	 ﾠ use	 ﾠ three	 ﾠ or	 ﾠ six	 ﾠp e r c e n t 	 ﾠa s 	 ﾠ
discussed	 ﾠbelow).	 ﾠThe	 ﾠimplication	 ﾠis	 ﾠthat	 ﾠthe	 ﾠbird	 ﾠyears	 ﾠlost	 ﾠor	 ﾠgained	 ﾠ
in	 ﾠthe	 ﾠfuture	 ﾠare	 ﾠworth	 ﾠless	 ﾠto	 ﾠus	 ﾠ-ﾭ‐-ﾭ‐	 ﾠnot	 ﾠonly	 ﾠare	 ﾠwe	 ﾠimpatient,	 ﾠbut	 ﾠthe	 ﾠ
future	 ﾠis	 ﾠuncertain	 ﾠand	 ﾠwe	 ﾠmight	 ﾠnot	 ﾠbe	 ﾠaround	 ﾠto	 ﾠenjoy	 ﾠthe	 ﾠbirds.	 ﾠ12	 ﾠ
Finally,	 ﾠ the	 ﾠ damaged	 ﾠ resources	 ﾠ and	 ﾠ the	 ﾠ restored	 ﾠ resources	 ﾠ are	 ﾠ
sometimes	 ﾠ of	 ﾠ differing	 ﾠ quality	 ﾠ or	 ﾠ in	 ﾠ different	 ﾠ locations.	 ﾠ The	 ﾠ goal	 ﾠ of	 ﾠ
compensatory	 ﾠ restoration	 ﾠ is	 ﾠ to	 ﾠ provide	 ﾠ a	 ﾠ similar	 ﾠ type,	 ﾠ quality,	 ﾠ or	 ﾠ
quantity	 ﾠof	 ﾠa	 ﾠresource	 ﾠor	 ﾠservice.	 ﾠThe	 ﾠkey	 ﾠassumption	 ﾠin	 ﾠequivalency	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
12	 ﾠConsider	 ﾠhypothetical	 ﾠproject	 ﾠA	 ﾠthat	 ﾠ"saves"	 ﾠa	 ﾠbird	 ﾠin	 ﾠ2009	 ﾠand	 ﾠproject	 ﾠB	 ﾠthat	 ﾠ"saves"	 ﾠ
a	 ﾠbird	 ﾠin	 ﾠ3009.	 ﾠIf	 ﾠwe	 ﾠassume	 ﾠproject	 ﾠcosts	 ﾠare	 ﾠthe	 ﾠsame	 ﾠ(in	 ﾠpresent	 ﾠvalue	 ﾠterms),	 ﾠthen	 ﾠ
a	 ﾠpositive	 ﾠdiscount	 ﾠrate	 ﾠ(impatience)	 ﾠwould	 ﾠargue	 ﾠlogically	 ﾠfor	 ﾠchoosing	 ﾠproject	 ﾠA.	 ﾠIn	 ﾠ
contrast,	 ﾠa	 ﾠzero	 ﾠdiscount	 ﾠrate	 ﾠgives	 ﾠa	 ﾠcounter-ﾭ‐intuitive	 ﾠoutcome:	 ﾠboth	 ﾠprojects	 ﾠhave	 ﾠ
the	 ﾠsame	 ﾠ"value"	 ﾠand	 ﾠwe	 ﾠflip	 ﾠa	 ﾠcoin	 ﾠto	 ﾠdecide.	 ﾠ	 ﾠ
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analysis	 ﾠis	 ﾠthat	 ﾠwe	 ﾠ(humans)	 ﾠcan	 ﾠrestore,	 ﾠcreate,	 ﾠengineer,	 ﾠrehabilitate,	 ﾠ
or	 ﾠimprove	 ﾠecosystems	 ﾠ-ﾭ‐-ﾭ‐	 ﾠeven	 ﾠif	 ﾠour	 ﾠ"restored	 ﾠsystems"	 ﾠare	 ﾠnot	 ﾠperfect	 ﾠ
replicas	 ﾠ of	 ﾠ the	 ﾠ original.	 ﾠ While	 ﾠ some	 ﾠ take	 ﾠ issue	 ﾠ with	 ﾠ this	 ﾠ underlying	 ﾠ
assumption	 ﾠ[34,35],	 ﾠthe	 ﾠwell-ﾭ‐established	 ﾠuse	 ﾠof	 ﾠequivalency	 ﾠanalysis	 ﾠin	 ﾠ
the	 ﾠUS	 ﾠ-ﾭ‐-ﾭ‐	 ﾠas	 ﾠwell	 ﾠas	 ﾠthe	 ﾠanticipated	 ﾠuse	 ﾠin	 ﾠEurope	 ﾠgiven	 ﾠthe	 ﾠREMEDE	 ﾠ
Toolkit	 ﾠ-ﾭ‐-ﾭ‐	 ﾠdemonstrates	 ﾠits	 ﾠcredibility	 ﾠas	 ﾠan	 ﾠapproach	 ﾠfor	 ﾠquantifying	 ﾠ
compensation.	 ﾠ
	 ﾠ
1.2  Case	 ﾠstudy	 ﾠillustration:	 ﾠSmøla	 ﾠwind	 ﾠfarm	 ﾠ
The	 ﾠ rest	 ﾠ of	 ﾠ this	 ﾠ paper	 ﾠ provides	 ﾠ a	 ﾠ hypothetical	 ﾠ illustration	 ﾠ of	 ﾠ this	 ﾠ
framework	 ﾠfor	 ﾠthe	 ﾠSmøla	 ﾠwind	 ﾠfarm.	 ﾠ
1.2.1  Step	 ﾠOne:	 ﾠInitial	 ﾠEvaluation	 ﾠ
The	 ﾠinitial	 ﾠevaluation	 ﾠat	 ﾠSmøla	 ﾠincludes	 ﾠbackground	 ﾠinformation	 ﾠon	 ﾠ
the	 ﾠ sea	 ﾠ eagle	 ﾠ population,	 ﾠ the	 ﾠ wind	 ﾠ farm	 ﾠ study	 ﾠ area,	 ﾠ as	 ﾠ well	 ﾠ as	 ﾠ a	 ﾠ
preliminary	 ﾠreview	 ﾠof	 ﾠdamage	 ﾠand	 ﾠpossible	 ﾠrestoration	 ﾠoptions.	 ﾠ
Sea	 ﾠ eagle	 ﾠ population.	 ﾠT h e 	 ﾠw h i t e -ﾭ‐tailed	 ﾠ sea	 ﾠ eagle,	 ﾠ or	 ﾠ sea	 ﾠ eagle,	 ﾠ
(Haliaeetus	 ﾠ albicilla)	 ﾠ has	 ﾠ about	 ﾠ 5,000	 ﾠ to	 ﾠ 6,600	 ﾠ breeding	 ﾠ pairs	 ﾠ in	 ﾠ
Europe,	 ﾠrepresenting	 ﾠ50	 ﾠto	 ﾠ75	 ﾠpercent	 ﾠof	 ﾠthe	 ﾠglobal	 ﾠpopulation	 ﾠ[36].	 ﾠ
Approximately	 ﾠ 3,500	 ﾠ -ﾭ‐	 ﾠ4 , 0 0 0 	 ﾠm a t i n g 	 ﾠp a i r s 	 ﾠa r e 	 ﾠe s t i m a t e d 	 ﾠi n 	 ﾠN o r w a y 	 ﾠ
making	 ﾠ it	 ﾠ the	 ﾠ largest	 ﾠ national	 ﾠ breeding	 ﾠ population	 ﾠ in	 ﾠ Europe	 ﾠ [37].	 ﾠ
While	 ﾠ the	 ﾠ sea	 ﾠ eagle	 ﾠ population	 ﾠ in	 ﾠ Europe	 ﾠ has	 ﾠ suffered	 ﾠ from	 ﾠ direct	 ﾠ
persecution	 ﾠ(hunting)	 ﾠand	 ﾠcontamination	 ﾠfrom	 ﾠpesticides	 ﾠthroughout	 ﾠ
the	 ﾠ20th	 ﾠCentury,	 ﾠit	 ﾠhas	 ﾠmade	 ﾠa	 ﾠcomeback	 ﾠin	 ﾠthe	 ﾠlast	 ﾠ30	 ﾠyears	 ﾠwith	 ﾠ
increased	 ﾠ population	 ﾠ growth	 ﾠ in	 ﾠ all	 ﾠ areas	 ﾠ except	 ﾠ Eastern	 ﾠ Europe.	 ﾠ
Despite	 ﾠbounty	 ﾠhunting	 ﾠin	 ﾠthe	 ﾠ1960s,	 ﾠthe	 ﾠNorwegian	 ﾠpopulation	 ﾠhas	 ﾠ
fed	 ﾠoff	 ﾠrelatively	 ﾠuncontaminated	 ﾠfood	 ﾠresources	 ﾠand	 ﾠavoided	 ﾠthe	 ﾠnear	 ﾠ
population	 ﾠcrash	 ﾠin	 ﾠthe	 ﾠrest	 ﾠof	 ﾠEurope	 ﾠ[38].	 ﾠ	 ﾠ
The	 ﾠsea	 ﾠeagle	 ﾠpopulation	 ﾠresiliency	 ﾠhas	 ﾠallowed	 ﾠfor	 ﾠsuccessful	 ﾠre-ﾭ‐
colonization	 ﾠof	 ﾠpreviously	 ﾠlost	 ﾠterritory	 ﾠ[39,40]	 ﾠwhich,	 ﾠin	 ﾠpart,	 ﾠled	 ﾠto	 ﾠ
the	 ﾠ species'	 ﾠ down-ﾭ‐listing	 ﾠ from	 ﾠ "near	 ﾠ threatened"	 ﾠ in	 ﾠ 1988	 ﾠ to	 ﾠ "least	 ﾠ
concern"	 ﾠin	 ﾠ2005	 ﾠby	 ﾠthe	 ﾠInternational	 ﾠUnion	 ﾠfor	 ﾠthe	 ﾠConservation	 ﾠof	 ﾠ
Nature	 ﾠ[41,42].	 ﾠOn-ﾭ‐going	 ﾠthreats	 ﾠto	 ﾠthe	 ﾠspecies	 ﾠin	 ﾠNorway	 ﾠinclude	 ﾠ(1)	 ﾠ
wind	 ﾠfarm	 ﾠdevelopment;	 ﾠ(2)	 ﾠelectrocution	 ﾠfrom	 ﾠoverhead	 ﾠpower	 ﾠlines;	 ﾠ
(3)	 ﾠloss	 ﾠof	 ﾠhabitat	 ﾠdue	 ﾠto	 ﾠhuman	 ﾠdevelopment	 ﾠ(roads,	 ﾠsummer	 ﾠhouses,	 ﾠ
energy	 ﾠextraction,	 ﾠetc);	 ﾠ(4)	 ﾠlack	 ﾠof	 ﾠlegal	 ﾠprotection	 ﾠfor	 ﾠnesting	 ﾠsites,	 ﾠ	 ﾠ
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particularly	 ﾠ forestry	 ﾠ and	 ﾠ industrial	 ﾠ activity	 ﾠ in	 ﾠ Norway;13	 ﾠ( 5 ) 	 ﾠ
disturbance	 ﾠduring	 ﾠbreeding	 ﾠfrom	 ﾠincreased	 ﾠrecreational	 ﾠactivity;	 ﾠand	 ﾠ
(6)	 ﾠlead	 ﾠpoisoning	 ﾠfrom	 ﾠingestion	 ﾠof	 ﾠprey	 ﾠcontaining	 ﾠammunition	 ﾠ[42-ﾭ‐
46,37].	 ﾠ
Smøla	 ﾠ Wind	 ﾠ Farm	 ﾠ and	 ﾠ Study	 ﾠ area.	 ﾠ The	 ﾠ study	 ﾠ area	 ﾠ (see	 ﾠ map	 ﾠ
Appendix	 ﾠA)	 ﾠincludes	 ﾠthe	 ﾠarchipelago	 ﾠregion	 ﾠon	 ﾠthe	 ﾠmid-ﾭ‐west	 ﾠcoast	 ﾠof	 ﾠ
Norway,	 ﾠwest	 ﾠof	 ﾠTrondheim.	 ﾠThe	 ﾠcollection	 ﾠof	 ﾠislands	 ﾠknown	 ﾠas	 ﾠSmøla	 ﾠ
lies	 ﾠ10	 ﾠkm	 ﾠoff	 ﾠthe	 ﾠcoast	 ﾠwith	 ﾠa	 ﾠtotal	 ﾠland	 ﾠarea	 ﾠof	 ﾠ274	 ﾠkm2.	 ﾠPhase	 ﾠI	 ﾠof	 ﾠthe	 ﾠ
Smøla	 ﾠ wind	 ﾠ farm	 ﾠ was	 ﾠ permitted	 ﾠ in	 ﾠ 2001	 ﾠ and	 ﾠ officially	 ﾠ opened	 ﾠ in	 ﾠ
September	 ﾠ2002	 ﾠwith	 ﾠ20	 ﾠturbines	 ﾠ(installed	 ﾠcapacity	 ﾠof	 ﾠ2.0	 ﾠMW	 ﾠper	 ﾠ
tower).	 ﾠ 	 ﾠ Phase	 ﾠ II	 ﾠ opened	 ﾠ in	 ﾠ September	 ﾠ 2005	 ﾠ with	 ﾠ 48	 ﾠ additional	 ﾠ
turbines	 ﾠ (installed	 ﾠ capacity	 ﾠ of	 ﾠ 2.3	 ﾠ MW),	 ﾠ leading	 ﾠ to	 ﾠ a	 ﾠ total	 ﾠ project	 ﾠ
footprint	 ﾠof	 ﾠ18.1	 ﾠkm2	 ﾠof	 ﾠpreviously	 ﾠundisturbed	 ﾠland	 ﾠ(including	 ﾠ28	 ﾠkm	 ﾠ
of	 ﾠroads).	 ﾠThe	 ﾠturbines	 ﾠare	 ﾠplaced	 ﾠon	 ﾠridges	 ﾠ(10	 ﾠto	 ﾠ40	 ﾠmeters	 ﾠabove	 ﾠsea	 ﾠ
level)	 ﾠalong	 ﾠthe	 ﾠisland.	 ﾠ	 ﾠAt	 ﾠan	 ﾠestimated	 ﾠannual	 ﾠpower	 ﾠproduction	 ﾠof	 ﾠ
420	 ﾠGWh	 ﾠit	 ﾠis	 ﾠEurope's	 ﾠlargest	 ﾠland-ﾭ‐based	 ﾠwind	 ﾠfarm	 ﾠ[8,9].	 ﾠ
Extent	 ﾠof	 ﾠDamage.	 ﾠ A	 ﾠ key	 ﾠ step	 ﾠ is	 ﾠ a	 ﾠ preliminary	 ﾠ determination	 ﾠof	 ﾠ
whether	 ﾠ environmental	 ﾠ damage	 ﾠ is	 ﾠ "significant"	 ﾠ enough	 ﾠ to	 ﾠ warrant	 ﾠ
compensation.	 ﾠLipton	 ﾠet	 ﾠal	 ﾠ[7]	 ﾠprovide	 ﾠsome	 ﾠguidance,	 ﾠbut	 ﾠthe	 ﾠdecision	 ﾠ
should	 ﾠbe	 ﾠmade	 ﾠon	 ﾠa	 ﾠnational	 ﾠlevel.	 ﾠIf	 ﾠthe	 ﾠstudy	 ﾠwas	 ﾠactual	 ﾠinstead	 ﾠof	 ﾠ
hypothetical,	 ﾠI	 ﾠwould	 ﾠmotivate	 ﾠcompensation	 ﾠat	 ﾠthis	 ﾠlocation	 ﾠbased	 ﾠon	 ﾠ
a	 ﾠreview	 ﾠof	 ﾠthe	 ﾠecological	 ﾠevidence.	 ﾠIn	 ﾠthe	 ﾠcase	 ﾠof	 ﾠSmøla	 ﾠI	 ﾠmay,	 ﾠfor	 ﾠ
example,	 ﾠpoint	 ﾠto	 ﾠthe	 ﾠfollowing:	 ﾠ(1)	 ﾠrarity	 ﾠof	 ﾠthe	 ﾠSmøla	 ﾠhabitat,	 ﾠwhich	 ﾠ
has	 ﾠthe	 ﾠworld's	 ﾠhighest	 ﾠbreeding	 ﾠdensity	 ﾠof	 ﾠsea	 ﾠeagles	 ﾠ[47,44];	 ﾠ(2)	 ﾠsea	 ﾠ
eagle	 ﾠ mortality	 ﾠ from	 ﾠ turbine	 ﾠ collisions	 ﾠ from	 ﾠ 2005-ﾭ‐2009;	 ﾠ (3)	 ﾠ a	 ﾠ
vulnerable	 ﾠ species	 ﾠ with	 ﾠ high	 ﾠ annual	 ﾠ survival	 ﾠ but	 ﾠ low	 ﾠ reproductive	 ﾠ
output.	 ﾠ Such	 ﾠ characteristics	 ﾠ make	 ﾠ it	 ﾠ difficult	 ﾠ to	 ﾠ compensate	 ﾠ for	 ﾠ
increased	 ﾠadult	 ﾠmortality	 ﾠ[48];	 ﾠ(4)	 ﾠecological	 ﾠimportance	 ﾠof	 ﾠthe	 ﾠspecies.	 ﾠ
Studies	 ﾠ have	 ﾠ suggested	 ﾠ that	 ﾠ sea	 ﾠ eagle	 ﾠ populations	 ﾠ act	 ﾠ as	 ﾠ
"environmental	 ﾠsentinels;"	 ﾠi.e.,	 ﾠa	 ﾠstable	 ﾠpopulation	 ﾠcan	 ﾠbe	 ﾠmonitored	 ﾠto	 ﾠ
identify	 ﾠ ecosystem	 ﾠ threats	 ﾠ early	 ﾠ and	 ﾠ avoid	 ﾠ costly	 ﾠ environmental	 ﾠ
restoration	 ﾠlater	 ﾠ[49];	 ﾠand	 ﾠ(5)	 ﾠNorway's	 ﾠrole	 ﾠas	 ﾠstewards	 ﾠof	 ﾠthe	 ﾠsea	 ﾠ
eagle	 ﾠpopulation.	 ﾠFrom	 ﾠa	 ﾠEuropean	 ﾠpoint	 ﾠof	 ﾠview,	 ﾠNorway	 ﾠmay	 ﾠhave	 ﾠa	 ﾠ
special	 ﾠresponsibility	 ﾠto	 ﾠprotect	 ﾠthe	 ﾠspecies	 ﾠin	 ﾠpart	 ﾠbecause	 ﾠthe	 ﾠcountry	 ﾠ
supports	 ﾠ45	 ﾠpercent	 ﾠof	 ﾠthe	 ﾠEuropean	 ﾠpopulation	 ﾠas	 ﾠof	 ﾠ2001	 ﾠ[47].	 ﾠIn	 ﾠ
general,	 ﾠ compensation	 ﾠ may	 ﾠ be	 ﾠ justifiable	 ﾠ when	 ﾠ cumulative	 ﾠ impacts	 ﾠ
from	 ﾠhuman	 ﾠdisturbance	 ﾠare	 ﾠunmeasured	 ﾠbut	 ﾠpotentially	 ﾠhigh,	 ﾠas	 ﾠin	 ﾠ
this	 ﾠcase.	 ﾠAs	 ﾠhistory	 ﾠdemonstrates,	 ﾠsignificant	 ﾠfluctuations	 ﾠin	 ﾠthe	 ﾠsea	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
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 ﾠWhile	 ﾠmost	 ﾠEuropean	 ﾠcountries	 ﾠhave	 ﾠlegal	 ﾠprotection	 ﾠfor	 ﾠnesting	 ﾠsites,	 ﾠNorway	 ﾠdoes	 ﾠ
not	 ﾠ[37].	 ﾠ	 ﾠ
Paper	 ﾠI	 ﾠ-ﾭ‐	 ﾠ"How	 ﾠmuch	 ﾠis	 ﾠenough?"	 ﾠ
	 ﾠ
	 ﾠ Paper	 ﾠI	 ﾠ-ﾭ‐	 ﾠ12	 ﾠ
eagle	 ﾠ population	 ﾠ are	 ﾠ directly	 ﾠ linked	 ﾠ to	 ﾠ human	 ﾠ activity.	 ﾠ Current	 ﾠ
development	 ﾠ pressures	 ﾠ may	 ﾠ perpetuate	 ﾠ these	 ﾠ fluctuations	 ﾠ in	 ﾠ the	 ﾠ
absence	 ﾠof	 ﾠreasonable	 ﾠcompensation	 ﾠmeasures	 ﾠto	 ﾠensure	 ﾠa	 ﾠstable	 ﾠsea	 ﾠ
eagle	 ﾠpopulation.	 ﾠ	 ﾠ
Identification	 ﾠ of	 ﾠ potential	 ﾠ restoration	 ﾠ projects.	 ﾠ Table	 ﾠ I-ﾭ‐1	 ﾠ
identifies	 ﾠa	 ﾠlist	 ﾠof	 ﾠcompensatory	 ﾠrestoration	 ﾠprojects	 ﾠthat	 ﾠmay	 ﾠprovide	 ﾠ
environmental	 ﾠgains	 ﾠ(credits)	 ﾠfor	 ﾠsea	 ﾠeagle	 ﾠpopulations	 ﾠby	 ﾠ(1)	 ﾠreducing	 ﾠ
threats	 ﾠto	 ﾠthe	 ﾠspecies,	 ﾠ(2)	 ﾠincreasing	 ﾠbreeding	 ﾠsuccess	 ﾠor	 ﾠ(3)	 ﾠincreasing	 ﾠ
breeding	 ﾠ opportunities.	 ﾠ These	 ﾠ projects	 ﾠ -ﾭ‐	 ﾠc o n s i d e r e d 	 ﾠf u r t h e r 	 ﾠi n 	 ﾠS t e p 	 ﾠ
Three	 ﾠ-ﾭ‐-ﾭ‐	 ﾠare	 ﾠbased	 ﾠon	 ﾠfactors	 ﾠthat	 ﾠare	 ﾠcurrently	 ﾠlimiting	 ﾠthe	 ﾠsea	 ﾠeagle	 ﾠ
population	 ﾠ according	 ﾠ to	 ﾠ the	 ﾠ Species	 ﾠ Action	 ﾠ Plan	 ﾠ [43].	 ﾠ This	 ﾠ non-ﾭ‐
exhaustive	 ﾠlist	 ﾠprovides	 ﾠan	 ﾠoverview	 ﾠof	 ﾠthe	 ﾠtypes	 ﾠof	 ﾠprojects	 ﾠfor	 ﾠwhich	 ﾠ
compensation	 ﾠ credits	 ﾠ can	 ﾠ be	 ﾠ estimated	 ﾠ and	 ﾠ scaled	 ﾠ to	 ﾠ offset	 ﾠ
environmental	 ﾠdebits.	 ﾠ
	 ﾠ
Table	 ﾠI-ﾭ1.	 ﾠ	 ﾠIdentification	 ﾠof	 ﾠpotential	 ﾠrestoration	 ﾠprojects	 ﾠto	 ﾠaddress	 ﾠsea	 ﾠeagle	 ﾠdebits	 ﾠ
•  Retrofit	 ﾠpower	 ﾠlines	 ﾠto	 ﾠreduce	 ﾠsea	 ﾠeagle	 ﾠmortality	 ﾠfrom	 ﾠelectrocution	 ﾠ(on/offsite)	 ﾠ	 ﾠ
•  Purchase,	 ﾠrestore,	 ﾠor	 ﾠimprove	 ﾠsea	 ﾠeagle	 ﾠhabitat	 ﾠin	 ﾠNorway	 ﾠthat	 ﾠis	 ﾠcurrently	 ﾠ
threatened	 ﾠby	 ﾠdevelopment	 ﾠor	 ﾠotherwise	 ﾠunsuitable	 ﾠfor	 ﾠsea	 ﾠeagle	 ﾠproduction	 ﾠ
(offsite)	 ﾠ
•  Build	 ﾠor	 ﾠenhance	 ﾠsea	 ﾠeagle	 ﾠnests	 ﾠin	 ﾠNorway	 ﾠin	 ﾠareas	 ﾠlimited	 ﾠby	 ﾠnesting	 ﾠ
opportunities	 ﾠ(offsite)	 ﾠ
•  Purchase,	 ﾠrestore	 ﾠor	 ﾠimprove	 ﾠsea	 ﾠeagle	 ﾠhabitat,	 ﾠor	 ﾠbuild/enhance	 ﾠnests	 ﾠoutside	 ﾠof	 ﾠ
Norway
14	 ﾠ(e.g.,	 ﾠin	 ﾠEastern	 ﾠEuropean	 ﾠcountries	 ﾠwhere	 ﾠthe	 ﾠpopulation	 ﾠis	 ﾠdeclining)	 ﾠ
•  Fund	 ﾠmeasures	 ﾠto	 ﾠreduce	 ﾠmortality	 ﾠassociated	 ﾠwith	 ﾠtrain	 ﾠand/or	 ﾠcar	 ﾠcollisions	 ﾠ
(on-ﾭ‐/offsite)	 ﾠ	 ﾠ
•  Fund	 ﾠresearch	 ﾠto	 ﾠidentify	 ﾠsuccessful	 ﾠstrategies	 ﾠfor	 ﾠreducing	 ﾠsea	 ﾠeagle	 ﾠmortality	 ﾠ
from	 ﾠa	 ﾠvariety	 ﾠof	 ﾠhuman	 ﾠactivities	 ﾠ(e.g.,	 ﾠfill	 ﾠthe	 ﾠknowledge	 ﾠgap	 ﾠneeded	 ﾠto	 ﾠquantify	 ﾠ
environmental	 ﾠgains)	 ﾠ
•  Re-ﾭ‐introduce	 ﾠsea	 ﾠeagles	 ﾠinto	 ﾠpreviously	 ﾠcolonized	 ﾠareas	 ﾠ(in	 ﾠEurope	 ﾠor	 ﾠGlobally)	 ﾠ
where	 ﾠpopulations	 ﾠare	 ﾠcurrently	 ﾠextirpated	 ﾠ(assuming	 ﾠconditions	 ﾠhave	 ﾠimproved	 ﾠ
since	 ﾠextinction)	 ﾠ
•  Fund	 ﾠan	 ﾠoutreach	 ﾠprogram	 ﾠto	 ﾠeducate	 ﾠhunters	 ﾠon	 ﾠthe	 ﾠdangers	 ﾠof	 ﾠlead	 ﾠammunition	 ﾠ
in	 ﾠcarcasses	 ﾠfed	 ﾠon	 ﾠby	 ﾠsea	 ﾠeagles;	 ﾠalternatively,	 ﾠfund	 ﾠa	 ﾠcampaign	 ﾠto	 ﾠban	 ﾠlead	 ﾠ
ammunition	 ﾠ(on-ﾭ‐/off-ﾭ‐site)	 ﾠ	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
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 ﾠ A  California  oil  spill  resulted  in  restored  habitat  in  New  Zealand  to 
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1.2.2  Step	 ﾠTwo:	 ﾠDetermine	 ﾠenvironmental	 ﾠdamage	 ﾠ(debit)	 ﾠ
In	 ﾠthis	 ﾠStep,	 ﾠI	 ﾠidentify	 ﾠan	 ﾠenvironmental	 ﾠmetric	 ﾠto	 ﾠmeasure	 ﾠloss/gain	 ﾠ
and	 ﾠmotivate	 ﾠassumptions	 ﾠfor	 ﾠthe	 ﾠhypothetical	 ﾠinterim	 ﾠloss	 ﾠcalculation	 ﾠ
(debit).	 ﾠI	 ﾠfocus	 ﾠon	 ﾠsea	 ﾠeagles,	 ﾠassuming	 ﾠit	 ﾠis	 ﾠan	 ﾠindicator	 ﾠfor	 ﾠoverall	 ﾠ
ecosystem	 ﾠ health	 ﾠ at	 ﾠ Smøla.	 ﾠ That	 ﾠ is,	 ﾠ the	 ﾠ goal	 ﾠi s 	 ﾠt o 	 ﾠm e a s u r e 	 ﾠ
"environmental	 ﾠdamage"	 ﾠin	 ﾠa	 ﾠbroad	 ﾠsense	 ﾠbut	 ﾠI	 ﾠbase	 ﾠthe	 ﾠquantitative	 ﾠ
analysis	 ﾠon	 ﾠthe	 ﾠsea	 ﾠeagle	 ﾠpopulation.	 ﾠ15	 ﾠ
Environmental	 ﾠMetrics.	 ﾠGiven	 ﾠthe	 ﾠfocus	 ﾠon	 ﾠsea	 ﾠeagles,	 ﾠI	 ﾠneed	 ﾠto	 ﾠ
measure	 ﾠhow	 ﾠthey	 ﾠare	 ﾠimpacted	 ﾠby	 ﾠthe	 ﾠwind	 ﾠfarm.	 ﾠTo	 ﾠdo	 ﾠso	 ﾠI	 ﾠselect	 ﾠan	 ﾠ
environmental	 ﾠmetric	 ﾠ-ﾭ‐-ﾭ‐	 ﾠa	 ﾠ"currency"	 ﾠto	 ﾠmeasure	 ﾠdebits	 ﾠand	 ﾠcredits.	 ﾠ
Rather	 ﾠthan	 ﾠcounting	 ﾠindividual	 ﾠbirds	 ﾠlost/gained,	 ﾠI	 ﾠwill	 ﾠmeasure	 ﾠ"Bird	 ﾠ
Years"	 ﾠ(BYs)	 ﾠwhich	 ﾠaccounts	 ﾠfor	 ﾠthe	 ﾠspecies'	 ﾠlife	 ﾠhistory	 ﾠcharacteristics	 ﾠ
(Table	 ﾠI-ﾭ‐2).	 ﾠA	 ﾠDiscounted	 ﾠBird	 ﾠYear	 ﾠ(DBY)	 ﾠmeasures	 ﾠthe	 ﾠlife	 ﾠexpectancy	 ﾠ
of	 ﾠa	 ﾠbird	 ﾠ(either	 ﾠfrom	 ﾠbirth,	 ﾠor	 ﾠfrom	 ﾠthe	 ﾠtime	 ﾠof	 ﾠcollision,	 ﾠetc)	 ﾠin	 ﾠtoday's	 ﾠ
value	 ﾠbased	 ﾠon	 ﾠan	 ﾠassumed	 ﾠdiscount	 ﾠrate.	 ﾠThe	 ﾠDBY	 ﾠmetric	 ﾠis	 ﾠbeneficial	 ﾠ
because	 ﾠ(1)	 ﾠit	 ﾠaccounts	 ﾠfor	 ﾠthe	 ﾠvalue	 ﾠof	 ﾠimpacts	 ﾠoccurring	 ﾠat	 ﾠdifferent	 ﾠ
times	 ﾠ by	 ﾠd i s c o u n t i n g ; 	 ﾠ( 2 ) 	 ﾠi t 	 ﾠa c c o u n t s 	 ﾠf o r 	 ﾠp o s s i b l e 	 ﾠd i s p a r i t y 	 ﾠi n 	 ﾠa g e 	 ﾠ
between	 ﾠ injured	 ﾠ and	 ﾠ restored	 ﾠ birds	 ﾠ (e.g.,	 ﾠ collided	 ﾠ birds	 ﾠ may	 ﾠ be	 ﾠ
older/younger	 ﾠ than	 ﾠ birds	 ﾠ produced	 ﾠ from	 ﾠ restoration)	 ﾠ [27];	 ﾠ (3)	 ﾠ it	 ﾠ
assigns	 ﾠa	 ﾠhigher	 ﾠweight	 ﾠ(e.g.,	 ﾠmore	 ﾠBYs)	 ﾠto	 ﾠadults,	 ﾠwhich	 ﾠis	 ﾠconsistent	 ﾠ
with	 ﾠ the	 ﾠ fact	 ﾠ that	 ﾠ adult	 ﾠ sea	 ﾠ eagles	 ﾠ are	 ﾠ ecologically	 ﾠ valuable	 ﾠ from	 ﾠ a	 ﾠ
population	 ﾠ point	 ﾠ of	 ﾠ view16;	 ﾠ and	 ﾠ (4)	 ﾠ it	 ﾠ allows	 ﾠ us	 ﾠ to	 ﾠ add	 ﾠ direct	 ﾠ and	 ﾠ
indirect	 ﾠ components	 ﾠ of	 ﾠ the	 ﾠ debit	 ﾠ( i.e.,	 ﾠ mortality	 ﾠ and	 ﾠ foregone	 ﾠ
production)	 ﾠand	 ﾠcredit	 ﾠ(i.e.,	 ﾠavoided	 ﾠmortality	 ﾠand	 ﾠavoided	 ﾠforegone	 ﾠ
production).	 ﾠ
The	 ﾠannual	 ﾠadult	 ﾠand	 ﾠjuvenile	 ﾠsurvival	 ﾠrates	 ﾠin	 ﾠTable	 ﾠI-ﾭ‐2	 ﾠrepresent	 ﾠa	 ﾠ
key	 ﾠ assumption	 ﾠ underlying	 ﾠ my	 ﾠ calculations	 ﾠ in	 ﾠ the	 ﾠ appendices.	 ﾠ The	 ﾠ
numbers	 ﾠ are	 ﾠ based	 ﾠ on	 ﾠ a	 ﾠ 2009	 ﾠ study	 ﾠ of	 ﾠ re-ﾭ‐introduced	 ﾠ sea	 ﾠ eagles	 ﾠ in	 ﾠ
Scotland	 ﾠ[50]	 ﾠwhich	 ﾠfound	 ﾠthat	 ﾠsurvival	 ﾠrates	 ﾠwere	 ﾠsimilar	 ﾠto	 ﾠthose	 ﾠ
recorded	 ﾠelsewhere.	 ﾠA	 ﾠstudy	 ﾠof	 ﾠsea	 ﾠeagles	 ﾠin	 ﾠNorway	 ﾠfrom	 ﾠ2000	 ﾠused	 ﾠ
long-ﾭ‐lived	 ﾠradio	 ﾠtags	 ﾠto	 ﾠtrack	 ﾠbirds	 ﾠand	 ﾠestimated	 ﾠsurvival	 ﾠrates	 ﾠfor	 ﾠthe	 ﾠ
first	 ﾠtwo	 ﾠyears	 ﾠof	 ﾠlife	 ﾠto	 ﾠbe	 ﾠbetween	 ﾠ90	 ﾠand	 ﾠ95	 ﾠpercent	 ﾠ[70].	 ﾠFurther,	 ﾠa	 ﾠ
study	 ﾠof	 ﾠsea	 ﾠeagles	 ﾠalong	 ﾠthe	 ﾠSwedish	 ﾠcoast	 ﾠbetween	 ﾠ1975-ﾭ‐1981	 ﾠbased	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
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 ﾠPreliminary	 ﾠdata	 ﾠfrom	 ﾠNINA's	 ﾠproject	 ﾠat	 ﾠSmøla	 ﾠ[19]	 ﾠindicate	 ﾠthat	 ﾠmortality	 ﾠfrom	 ﾠ
collision	 ﾠhas	 ﾠaffected	 ﾠ18	 ﾠother	 ﾠbird	 ﾠspecies	 ﾠ(totaling	 ﾠ61	 ﾠindividuals)	 ﾠbetween	 ﾠ2003	 ﾠ
and	 ﾠ2008,	 ﾠTable	 ﾠ2	 ﾠin	 ﾠ[10].	 ﾠ
16	 ﾠBy	 ﾠvaluable	 ﾠwe	 ﾠmean	 ﾠthat	 ﾠa	 ﾠ1	 ﾠyear	 ﾠold	 ﾠbird	 ﾠis	 ﾠnot	 ﾠcontributing	 ﾠto	 ﾠthe	 ﾠpopulation	 ﾠ
(does	 ﾠnot	 ﾠreproduce)	 ﾠand	 ﾠhas	 ﾠa	 ﾠrelatively	 ﾠsmall	 ﾠchance	 ﾠof	 ﾠsurviving	 ﾠto	 ﾠthe	 ﾠnext	 ﾠyear,	 ﾠ
whereas	 ﾠ a	 ﾠ 7	 ﾠ year	 ﾠ old	 ﾠ bird	 ﾠ is	 ﾠ reproducing	 ﾠ and	 ﾠ has	 ﾠ a	 ﾠ relatively	 ﾠ greater	 ﾠ chance	 ﾠ of	 ﾠ
surviving	 ﾠto	 ﾠthe	 ﾠnext	 ﾠyear,	 ﾠcompared	 ﾠto	 ﾠthe	 ﾠ1	 ﾠyear	 ﾠbird.	 ﾠ	 ﾠ
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on	 ﾠ ringed	 ﾠ breeders	 ﾠ indicates	 ﾠ that	 ﾠ minimum	 ﾠ annual	 ﾠ survival	 ﾠ rates	 ﾠ
averaged	 ﾠ90%	 ﾠ(ages	 ﾠ2	 ﾠto	 ﾠ6),	 ﾠ98%	 ﾠ(age	 ﾠ6	 ﾠto	 ﾠ11),	 ﾠ94%	 ﾠ(ages	 ﾠ11	 ﾠto	 ﾠ16)	 ﾠ
and	 ﾠ91%	 ﾠ(ages	 ﾠ16	 ﾠto	 ﾠ21)	 ﾠ[69].	 ﾠEven	 ﾠnewer	 ﾠand	 ﾠmore	 ﾠsite-ﾭ‐specific	 ﾠdata	 ﾠ
are	 ﾠexpected	 ﾠfrom	 ﾠthe	 ﾠongoing	 ﾠresearch	 ﾠproject	 ﾠon	 ﾠSmøla	 ﾠ[19].	 ﾠFinally,	 ﾠ
productivity	 ﾠ (no.	 ﾠ of	 ﾠ offspring	 ﾠ per	 ﾠ pair)	 ﾠ is	 ﾠ used	 ﾠ in	 ﾠ the	 ﾠ calculation	 ﾠ of	 ﾠ
indirect	 ﾠlosses	 ﾠin	 ﾠTables	 ﾠI-ﾭ‐3	 ﾠand	 ﾠI-ﾭ‐4	 ﾠ(see	 ﾠalso	 ﾠAppendix	 ﾠE).	 ﾠ
	 ﾠ
Table	 ﾠI-ﾭ2.	 ﾠ	 ﾠSpecies	 ﾠLife	 ﾠHistory	 ﾠCharacteristics	 ﾠused	 ﾠin	 ﾠDEBIT	 ﾠand	 ﾠCREDIT	 ﾠcalculations	 ﾠ
Age	 ﾠof	 ﾠfirst	 ﾠproduction	 ﾠof	 ﾠoffspring	 ﾠ
(fecundity)	 ﾠ
5	 ﾠyears	 ﾠ
Maximum	 ﾠage	 ﾠof	 ﾠreproduction	 ﾠ 30	 ﾠ
Annual	 ﾠjuvenile	 ﾠsurvival	 ﾠrate	 ﾠ(Years	 ﾠ
1,2,3,4)	 ﾠ
82%,82%,86%,95%	 ﾠ
Annual	 ﾠadult	 ﾠsurvival	 ﾠ(Years	 ﾠ5	 ﾠthrough	 ﾠ
30)	 ﾠ
97%	 ﾠ
Estimated	 ﾠaverage	 ﾠage	 ﾠof	 ﾠthe	 ﾠpopulation	 ﾠ
(Appendix	 ﾠB)	 ﾠ
13	 ﾠ
Productivity	 ﾠ(no.	 ﾠof	 ﾠoffspring	 ﾠper	 ﾠpair)	 ﾠ
[73]	 ﾠ
0.46	 ﾠ
Source:	 ﾠ[50].	 ﾠ	 ﾠCharacteristics	 ﾠassume	 ﾠa	 ﾠgrowing	 ﾠpopulation	 ﾠ	 ﾠ(i.e.,	 ﾠmultiplier	 ﾠfactor	 ﾠ=	 ﾠ
1.097)	 ﾠ
	 ﾠ
Calculating	 ﾠthe	 ﾠDebit.	 ﾠThere	 ﾠare	 ﾠthree	 ﾠpotential	 ﾠsources	 ﾠof	 ﾠlost	 ﾠBYs	 ﾠ
from	 ﾠ the	 ﾠ wind	 ﾠ farm:	 ﾠ (1)	 ﾠ direct	 ﾠ losses	 ﾠ from	 ﾠ collision	 ﾠ mortality	 ﾠ (2)	 ﾠ
indirect	 ﾠlosses	 ﾠfrom	 ﾠproduction	 ﾠforgone	 ﾠdue	 ﾠto	 ﾠparents	 ﾠthat	 ﾠcollided	 ﾠ
and	 ﾠ (3)	 ﾠ indirect	 ﾠ losses	 ﾠ from	 ﾠ reduced	 ﾠ reproductive	 ﾠ success	 ﾠ for	 ﾠ pairs	 ﾠ
that	 ﾠ remain	 ﾠ in	 ﾠ the	 ﾠ wind	 ﾠ farm	 ﾠ area,	 ﾠ but	 ﾠ are	 ﾠd i s t u r b e d 	 ﾠb y 	 ﾠp o w e r 	 ﾠ
production.17	 ﾠBelow	 ﾠI	 ﾠquantify	 ﾠthe	 ﾠfirst	 ﾠtwo	 ﾠcategories	 ﾠof	 ﾠlosses.	 ﾠThe	 ﾠ
third	 ﾠcategory	 ﾠassumes	 ﾠa	 ﾠreduction	 ﾠin	 ﾠreproductive	 ﾠsuccess	 ﾠafter	 ﾠthe	 ﾠ
wind	 ﾠ farm	 ﾠ compared	 ﾠ to	 ﾠ before	 ﾠ the	 ﾠ wind	 ﾠ farm.	 ﾠ Because	 ﾠ definitive	 ﾠ
conclusions	 ﾠ regarding	 ﾠ this	 ﾠ hypothesis	 ﾠ are	 ﾠ still	 ﾠ being	 ﾠ tested	 ﾠ (results	 ﾠ
expected	 ﾠby	 ﾠ2011)	 ﾠthese	 ﾠBY	 ﾠlosses	 ﾠare	 ﾠnot	 ﾠincluded	 ﾠin	 ﾠthe	 ﾠcalculations.	 ﾠ
Table	 ﾠI-ﾭ‐3	 ﾠshows	 ﾠthe	 ﾠcalculation	 ﾠof	 ﾠDBYs	 ﾠlost	 ﾠfrom	 ﾠthe	 ﾠwind	 ﾠfarm	 ﾠin	 ﾠ
this	 ﾠhypothetical	 ﾠcase	 ﾠstudy.	 ﾠThe	 ﾠpurpose	 ﾠis	 ﾠto	 ﾠdemonstrate	 ﾠthe	 ﾠuse	 ﾠof	 ﾠ
"DBYs"	 ﾠas	 ﾠa	 ﾠmetric	 ﾠto	 ﾠmeasure	 ﾠand	 ﾠquantify	 ﾠthe	 ﾠinterim	 ﾠloss	 ﾠ(debit).	 ﾠ
Direct	 ﾠimpacts	 ﾠfrom	 ﾠcollision	 ﾠmortality	 ﾠare	 ﾠshown	 ﾠin	 ﾠColumn	 ﾠE.	 ﾠThese	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
17	 ﾠSome	 ﾠbirds	 ﾠmay	 ﾠre-ﾭ‐locate	 ﾠto	 ﾠnew	 ﾠterritories	 ﾠto	 ﾠavoid	 ﾠdisturbance	 ﾠfrom	 ﾠthe	 ﾠwind	 ﾠ
turbines.	 ﾠSuch	 ﾠrelocations	 ﾠwould	 ﾠnot	 ﾠbe	 ﾠconsidered	 ﾠlosses	 ﾠif	 ﾠthey	 ﾠproduce	 ﾠat	 ﾠleast	 ﾠas	 ﾠ
well	 ﾠas	 ﾠthey	 ﾠdid	 ﾠat	 ﾠSmøla.	 ﾠ	 ﾠ
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lost	 ﾠ BYs	 ﾠ are	 ﾠ based	 ﾠ on	 ﾠ how	 ﾠ much	 ﾠ longer	 ﾠ an	 ﾠ average-ﾭ‐aged	 ﾠ bird	 ﾠ that	 ﾠ
collides	 ﾠwould	 ﾠhave	 ﾠlived	 ﾠif	 ﾠit	 ﾠhad	 ﾠnot	 ﾠcollided	 ﾠin	 ﾠa	 ﾠgiven	 ﾠyear.	 ﾠThe	 ﾠ
value	 ﾠof	 ﾠthis	 ﾠBY	 ﾠloss	 ﾠis	 ﾠdiscounted	 ﾠto	 ﾠthe	 ﾠyear	 ﾠof	 ﾠthe	 ﾠanalysis	 ﾠ(2009)	 ﾠto	 ﾠ
obtain	 ﾠ DBYs.	 ﾠ Indirect	 ﾠ losses	 ﾠ from	 ﾠ production	 ﾠ forgone	 ﾠ due	 ﾠ to	 ﾠ these	 ﾠ
collisions	 ﾠare	 ﾠshown	 ﾠin	 ﾠColumn	 ﾠG.	 ﾠThese	 ﾠlosses	 ﾠare	 ﾠbased	 ﾠon	 ﾠthe	 ﾠBYs	 ﾠ
that	 ﾠwould	 ﾠhave	 ﾠbeen	 ﾠ"produced"	 ﾠ(e.g.,	 ﾠoffspring)	 ﾠby	 ﾠan	 ﾠaverage-ﾭ‐aged	 ﾠ
sea	 ﾠeagle	 ﾠfrom	 ﾠage	 ﾠof	 ﾠcollision	 ﾠuntil	 ﾠmaximum	 ﾠage,	 ﾠdiscounted	 ﾠto	 ﾠ2009.	 ﾠ
The	 ﾠ total	 ﾠ debit	 ﾠ sums	 ﾠ these	 ﾠ two	 ﾠ categories	 ﾠ of	 ﾠ losses	 ﾠ in	 ﾠ Column	 ﾠ H	 ﾠ
(detailed	 ﾠcalculations	 ﾠin	 ﾠappendices).	 ﾠ
I	 ﾠ assume	 ﾠ the	 ﾠ losses	 ﾠ from	 ﾠ 2005	 ﾠ to	 ﾠ 2009	 ﾠ (26	 ﾠ collided	 ﾠ birds)	 ﾠ will	 ﾠ
continue	 ﾠ at	 ﾠ the	 ﾠ same	 ﾠ average	 ﾠ rate:	 ﾠ 5	 ﾠ per	 ﾠ year.	 ﾠ I	 ﾠ assume	 ﾠ primary	 ﾠ
restoration	 ﾠmeasures	 ﾠare	 ﾠundertaken	 ﾠin	 ﾠ2013	 ﾠthat	 ﾠreturn	 ﾠthe	 ﾠresource	 ﾠ
to	 ﾠbaseline	 ﾠby	 ﾠ2018	 ﾠ(e.g.,	 ﾠ0	 ﾠcollisions).	 ﾠI	 ﾠpresent	 ﾠan	 ﾠalternative	 ﾠthat	 ﾠ
assumes	 ﾠ recovery	 ﾠ occurs	 ﾠ at	 ﾠ the	 ﾠ end	 ﾠ of	 ﾠ the	 ﾠ project's	 ﾠ permitted	 ﾠ life,	 ﾠ
2027.	 ﾠA	 ﾠsocial	 ﾠdiscount	 ﾠrate	 ﾠof	 ﾠthree	 ﾠpercent	 ﾠis	 ﾠused	 ﾠto	 ﾠreflect	 ﾠsociety's	 ﾠ
time	 ﾠpreference.	 ﾠThe	 ﾠUS	 ﾠregulations	 ﾠfor	 ﾠassessing	 ﾠenvironmental	 ﾠinjury	 ﾠ
recommends	 ﾠthe	 ﾠuse	 ﾠof	 ﾠa	 ﾠthree	 ﾠpercent	 ﾠrate.	 ﾠI	 ﾠconduct	 ﾠa	 ﾠsensitivity	 ﾠ
analysis	 ﾠ using	 ﾠ six	 ﾠp e r c e n t 	 ﾠb a s e d 	 ﾠo n 	 ﾠg u i d e l i n e s 	 ﾠf r o m 	 ﾠt h e 	 ﾠN o r w e g i a n 	 ﾠ
Government	 ﾠ Agency	 ﾠ for	 ﾠ Financial	 ﾠ Management	 ﾠ (SSØ)	 ﾠ for	 ﾠ energy-ﾭ‐
related	 ﾠprojects	 ﾠaffecting	 ﾠthe	 ﾠpublic	 ﾠinterest	 ﾠ[51,52].	 ﾠ
Despite	 ﾠthe	 ﾠreturn	 ﾠto	 ﾠbaseline	 ﾠdue	 ﾠto	 ﾠassumed	 ﾠprimary	 ﾠrestoration	 ﾠ
measures,	 ﾠan	 ﾠinterim	 ﾠloss	 ﾠhas	 ﾠaccrued	 ﾠto	 ﾠthe	 ﾠpublic	 ﾠwhich	 ﾠI	 ﾠvalue	 ﾠat	 ﾠ
approximately	 ﾠ 1,500	 ﾠ to	 ﾠ 2,000	 ﾠ DBYs,	 ﾠ depending	 ﾠ on	 ﾠ the	 ﾠ assumed	 ﾠ
discount	 ﾠrate.	 ﾠIf	 ﾠcollisions	 ﾠcontinue	 ﾠover	 ﾠthe	 ﾠlife	 ﾠof	 ﾠthe	 ﾠproject	 ﾠ(until	 ﾠ
2027),	 ﾠtotal	 ﾠlosses	 ﾠincrease	 ﾠto	 ﾠapproximately	 ﾠ2,500	 ﾠand	 ﾠ3,300	 ﾠDBYs.	 ﾠ	 ﾠ
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Table	 ﾠI-ﾭ3.	 ﾠ	 ﾠTotal	 ﾠdiscounted	 ﾠlosses	 ﾠ(debit)	 ﾠfrom	 ﾠturbine	 ﾠmortality	 ﾠand	 ﾠproduction	 ﾠforegone	 ﾠ-ﾭ	 ﾠhypothetical	 ﾠcalculations	 ﾠ
	 ﾠ
Year	 ﾠ
Discount	 ﾠ
Factor	 ﾠ	 ﾠ
No.	 ﾠof	 ﾠbird	 ﾠ
collisions	 ﾠ
Life	 ﾠexpectancy	 ﾠ
for	 ﾠbirds	 ﾠthat	 ﾠ
collide	 ﾠ
Discounted	 ﾠloss	 ﾠ
from	 ﾠcollision	 ﾠ
mortality	 ﾠ(direct)	 ﾠ
Production	 ﾠ
foregone	 ﾠper	 ﾠ
collided	 ﾠbird	 ﾠ
Discounted	 ﾠloss	 ﾠ
from	 ﾠproduction	 ﾠ
foregone	 ﾠ(indirect)	 ﾠ
Total	 ﾠdebit	 ﾠfrom	 ﾠ
wind	 ﾠfarm	 ﾠ(DBYs)	 ﾠ
A	 ﾠ B	 ﾠ C	 ﾠ D	 ﾠ E	 ﾠ F	 ﾠ G	 ﾠ H	 ﾠ
	 ﾠ formulaa	 ﾠ assumption	 ﾠ Appendix	 ﾠC	 ﾠ E=B*C*D	 ﾠ Appendix	 ﾠE	 ﾠ G=B*C*F	 ﾠ H=E+G	 ﾠ
2005	 ﾠ 1.13	 ﾠ 4	 ﾠ 10.5	 ﾠ 47.3	 ﾠ 26.1	 ﾠ 117.7	 ﾠ 164.9	 ﾠ
2006	 ﾠ 1.09	 ﾠ 6	 ﾠ 10.5	 ﾠ 68.8	 ﾠ 26.1	 ﾠ 171.4	 ﾠ 240.2	 ﾠ
2007	 ﾠ 1.06	 ﾠ 2	 ﾠ 10.5	 ﾠ 22.3	 ﾠ 26.1	 ﾠ 55.5	 ﾠ 77.7	 ﾠ
2008	 ﾠ 1.03	 ﾠ 9	 ﾠ 10.5	 ﾠ 97.3	 ﾠ 26.1	 ﾠ 242.3	 ﾠ 339.6	 ﾠ
2009	 ﾠ 1.00	 ﾠ 5	 ﾠ 10.5	 ﾠ 52.5	 ﾠ 26.1	 ﾠ 130.7	 ﾠ 183.2	 ﾠ
2010	 ﾠ 0.97	 ﾠ 5	 ﾠ 10.5	 ﾠ 51.0	 ﾠ 26.1	 ﾠ 126.9	 ﾠ 177.8	 ﾠ
2011	 ﾠ 0.94	 ﾠ 5	 ﾠ 10.5	 ﾠ 49.5	 ﾠ 26.1	 ﾠ 123.2	 ﾠ 172.7	 ﾠ
2012	 ﾠ 0.92	 ﾠ 5	 ﾠ 10.5	 ﾠ 48.0	 ﾠ 26.1	 ﾠ 119.6	 ﾠ 167.6	 ﾠ
2013	 ﾠ 0.89	 ﾠ 5	 ﾠ 10.5	 ﾠ 46.6	 ﾠ 26.1	 ﾠ 116.1	 ﾠ 162.8	 ﾠ
2014	 ﾠ 0.86	 ﾠ 4	 ﾠ 10.5	 ﾠ 36.2	 ﾠ 26.1	 ﾠ 90.2	 ﾠ 126.4	 ﾠ
2015	 ﾠ 0.84	 ﾠ 3	 ﾠ 10.5	 ﾠ 26.4	 ﾠ 26.1	 ﾠ 65.7	 ﾠ 92.0	 ﾠ
2016	 ﾠ 0.81	 ﾠ 2	 ﾠ 10.5	 ﾠ 17.1	 ﾠ 26.1	 ﾠ 42.5	 ﾠ 59.6	 ﾠ
2017	 ﾠ 0.79	 ﾠ 1	 ﾠ 10.5	 ﾠ 8.3	 ﾠ 26.1	 ﾠ 20.6	 ﾠ 28.9	 ﾠ
2018	 ﾠ 0.77	 ﾠ 0	 ﾠ 10.5	 ﾠ 0.00	 ﾠ 26.1	 ﾠ 0	 ﾠ 0.0	 ﾠ
Total	 ﾠto	 ﾠ2018	 ﾠ(6%)	 ﾠ 56	 ﾠ 	 ﾠ 571	 ﾠ(455)	 ﾠ 	 ﾠ 1,422	 ﾠ(1,080)	 ﾠ 1,994	 ﾠ(1,535)	 ﾠ
Total	 ﾠto	 ﾠ2027	 ﾠ(6%)	 ﾠ 101	 ﾠ 	 ﾠ 1,060	 ﾠ(861)	 ﾠ 	 ﾠ 2,275	 ﾠ(1,567)	 ﾠ 3,336	 ﾠ(2,428)	 ﾠ
a Discount factor formula in Appendix C; base year is 2009. Figures in Columns D and F are discounted to the year of collision and year of birth, respectively. 
Total impacts in Columns E and G are discounted to the base year of the analysis (2009). Calculations shown in Appendices. Totals differ due to rounding	 ﾠ	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1.2.3  Step	 ﾠThree:	 ﾠDetermine	 ﾠenvironmental	 ﾠgains	 ﾠ(credits)	 ﾠ
In	 ﾠ this	 ﾠ Step,	 ﾠ I	 ﾠ illustrate	 ﾠ how	 ﾠ to	 ﾠ quantify	 ﾠ the	 ﾠ environmental	 ﾠ gains	 ﾠ
from	 ﾠa	 ﾠrestoration	 ﾠproject	 ﾠto	 ﾠoffset	 ﾠdebits	 ﾠfrom	 ﾠthe	 ﾠwind	 ﾠfarm.	 ﾠThe	 ﾠgoal	 ﾠ
is	 ﾠto	 ﾠquantify	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠyears	 ﾠthat	 ﾠbirds	 ﾠproduced	 ﾠ(or	 ﾠ"saved")	 ﾠby	 ﾠ
a	 ﾠ restoration	 ﾠ project	 ﾠ are	 ﾠ expected	 ﾠ to	 ﾠ live,	 ﾠ i.e.,	 ﾠ the	 ﾠ "compensation	 ﾠ
credits"	 ﾠin	 ﾠDBYs.	 ﾠ	 ﾠ
Several	 ﾠ compensatory	 ﾠ projects	 ﾠ could	 ﾠ be	 ﾠ considered	 ﾠ based	 ﾠ on	 ﾠ (1)	 ﾠ
synergies	 ﾠwith	 ﾠlocal	 ﾠland	 ﾠmanagement	 ﾠplans	 ﾠand	 ﾠspecies	 ﾠaction	 ﾠplans,	 ﾠ
(2)	 ﾠ current	 ﾠ research	 ﾠ (3)	 ﾠ data	 ﾠ availability	 ﾠ (4)	 ﾠ effectiveness	 ﾠ of	 ﾠ
restoration	 ﾠ(5)	 ﾠcost,	 ﾠetc.	 ﾠAll	 ﾠprojects	 ﾠidentified	 ﾠin	 ﾠStep	 ﾠOne	 ﾠcould	 ﾠbe	 ﾠ
investigated	 ﾠand	 ﾠscaled	 ﾠusing	 ﾠequivalency	 ﾠanalysis,	 ﾠbut	 ﾠsome	 ﾠmay	 ﾠbe	 ﾠ
eliminated	 ﾠduring	 ﾠthis	 ﾠiterative	 ﾠprocess.	 ﾠI	 ﾠselect	 ﾠone	 ﾠproject	 ﾠ-ﾭ‐	 ﾠpower	 ﾠ
line	 ﾠretrofitting	 ﾠ-ﾭ‐	 ﾠto	 ﾠillustrate	 ﾠhow	 ﾠto	 ﾠquantify	 ﾠcompensation	 ﾠcredits.	 ﾠ
While	 ﾠ information	 ﾠ is	 ﾠ not	 ﾠ currently	 ﾠ available	 ﾠ to	 ﾠ quantify	 ﾠ the	 ﾠ credits	 ﾠ
from	 ﾠpower	 ﾠline	 ﾠretrofitting,	 ﾠsuch	 ﾠdata	 ﾠare	 ﾠexpected	 ﾠin	 ﾠthe	 ﾠnear	 ﾠfuture.	 ﾠ
18	 ﾠT h e r e f o r e , 	 ﾠI 	 ﾠu s e 	 ﾠh y p o t h e t i cal	 ﾠ numbers	 ﾠ in	 ﾠ the	 ﾠ calculations	 ﾠ below,	 ﾠ
which	 ﾠcan	 ﾠbe	 ﾠreplaced	 ﾠwith	 ﾠactual	 ﾠdata	 ﾠwhen	 ﾠavailable.	 ﾠ
Problem	 ﾠDescription:	 ﾠSea	 ﾠeagle	 ﾠelectrocution	 ﾠis	 ﾠwell-ﾭ‐documented	 ﾠ
in	 ﾠ Norway	 ﾠ and	 ﾠ other	 ﾠ countries	 ﾠ [53-ﾭ‐56,48].	 ﾠ Electrocution	 ﾠ of	 ﾠ large	 ﾠ
raptors	 ﾠ like	 ﾠ sea	 ﾠ eagles	 ﾠ is	 ﾠ due	 ﾠ to	 ﾠt h e 	 ﾠc o m b i n a t i o n 	 ﾠo f 	 ﾠt h e 	 ﾠs p e c i e s ' 	 ﾠ
tendency	 ﾠto	 ﾠperch	 ﾠon	 ﾠtop	 ﾠof	 ﾠutility	 ﾠpoles	 ﾠwhile	 ﾠhunting	 ﾠand	 ﾠtheir	 ﾠlong	 ﾠ
wings	 ﾠwhich	 ﾠspan	 ﾠacross	 ﾠmultiple	 ﾠcables	 ﾠor	 ﾠtransmission	 ﾠpoints.	 ﾠThe	 ﾠ
bird	 ﾠcloses	 ﾠthe	 ﾠcircuit	 ﾠwhen	 ﾠsimultaneously	 ﾠtouching	 ﾠtwo	 ﾠelectrified	 ﾠ
parts	 ﾠof	 ﾠthe	 ﾠstructure,	 ﾠleading	 ﾠto	 ﾠdeath.	 ﾠThe	 ﾠimpact	 ﾠon	 ﾠsea	 ﾠeagles	 ﾠvaries	 ﾠ
depending	 ﾠ upon	 ﾠ pole	 ﾠ design	 ﾠ and	 ﾠ location,	 ﾠ topography,	 ﾠ species	 ﾠ
behavior	 ﾠ etc.	 ﾠ Smaller	 ﾠ distribution	 ﾠ lines	 ﾠ (<120	 ﾠ kV)	 ﾠ are	 ﾠ the	 ﾠ most	 ﾠ
dangerous.	 ﾠ
Restoration	 ﾠ Project	 ﾠ -ﾭ	 ﾠR e t r o f i t t i n g 	 ﾠu t i l i t y 	 ﾠp o l e s 	 ﾠt o 	 ﾠr e d u c e 	 ﾠ
electrocutions.	 ﾠElectrocution	 ﾠcan	 ﾠbe	 ﾠprevented	 ﾠby	 ﾠinstalling	 ﾠdevices	 ﾠ
that	 ﾠinsulate	 ﾠdangerous	 ﾠstructures,	 ﾠre-ﾭ‐designing	 ﾠutility	 ﾠpoles	 ﾠto	 ﾠdeter	 ﾠ
birds	 ﾠfrom	 ﾠperching,	 ﾠincreasing	 ﾠthe	 ﾠdistance	 ﾠbetween	 ﾠwires,	 ﾠreplacing	 ﾠ
top	 ﾠmounted	 ﾠisolators	 ﾠon	 ﾠthe	 ﾠ	 ﾠcross-ﾭ‐arm	 ﾠwith	 ﾠhanging	 ﾠisolators,	 ﾠetc.	 ﾠIn	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
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 ﾠTo	 ﾠquantify	 ﾠthe	 ﾠgain	 ﾠin	 ﾠBYs	 ﾠfrom	 ﾠsuch	 ﾠmeasures,	 ﾠI	 ﾠmust	 ﾠidentify	 ﾠhow	 ﾠmany	 ﾠbirds	 ﾠdie	 ﾠ
each	 ﾠ year	 ﾠ from	 ﾠ electrocution	 ﾠ and	 ﾠ estimate	 ﾠ the	 ﾠ effectiveness	 ﾠ of	 ﾠ measures	 ﾠ against	 ﾠ
mortality.	 ﾠOn-ﾭ‐going	 ﾠresearch	 ﾠis	 ﾠattempting	 ﾠto	 ﾠaddress	 ﾠthese	 ﾠquestions	 ﾠfor	 ﾠa	 ﾠvariety	 ﾠof	 ﾠ
bird	 ﾠspecies	 ﾠ[58].	 ﾠ	 ﾠ
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 ﾠ
some	 ﾠcases,	 ﾠwires	 ﾠmay	 ﾠbe	 ﾠlaid	 ﾠunderground	 ﾠbut	 ﾠat	 ﾠa	 ﾠgreater	 ﾠexpense	 ﾠ
[57,59].	 ﾠ
Why	 ﾠretrofitting?	 ﾠThe	 ﾠcharacteristics	 ﾠof	 ﾠthe	 ﾠproblem	 ﾠlend	 ﾠitself	 ﾠto	 ﾠ
be	 ﾠan	 ﾠideal	 ﾠcompensatory	 ﾠrestoration	 ﾠproject	 ﾠfor	 ﾠwind	 ﾠpower	 ﾠprojects	 ﾠ
that	 ﾠ cause	 ﾠ bird	 ﾠ loss.	 ﾠ First,	 ﾠ there	 ﾠ is	 ﾠ a	 ﾠ natural	 ﾠ link	 ﾠ between	 ﾠ power	 ﾠ
generation	 ﾠ (wind)	 ﾠ and	 ﾠ power	 ﾠ distribution	 ﾠ (power	 ﾠ lines)	 ﾠ that	 ﾠ would	 ﾠ
facilitate	 ﾠcooperation	 ﾠin	 ﾠdeveloping	 ﾠcompensation	 ﾠcredits.	 ﾠSecond,	 ﾠin	 ﾠ
contrast	 ﾠto	 ﾠturbine	 ﾠcollisions,	 ﾠthe	 ﾠcauses	 ﾠ-ﾭ‐-ﾭ‐	 ﾠand	 ﾠprevention	 ﾠ-ﾭ‐-ﾭ‐	 ﾠof	 ﾠbird	 ﾠ
electrocution	 ﾠ are	 ﾠ well-ﾭ‐understood	 ﾠ thanks	 ﾠ to	 ﾠ an	 ﾠ extensive	 ﾠ literature	 ﾠ
dating	 ﾠ to	 ﾠ the	 ﾠ 1970s.	 ﾠ Third,	 ﾠ a	 ﾠ review	 ﾠ of	 ﾠ the	 ﾠ literature	 ﾠ indicates	 ﾠ that	 ﾠ
electrocution	 ﾠ is	 ﾠ a	 ﾠ more	 ﾠ common	 ﾠ cause	 ﾠ of	 ﾠ death	 ﾠ than	 ﾠ turbine	 ﾠ
collisions,19	 ﾠ	 ﾠwhich	 ﾠsuggests	 ﾠa	 ﾠpotentially	 ﾠlarge	 ﾠpool	 ﾠof	 ﾠBYs	 ﾠfrom	 ﾠwhich	 ﾠ
one	 ﾠ can	 ﾠ derive	 ﾠ compensation	 ﾠ credits.	 ﾠ Finally,	 ﾠ despite	 ﾠ available	 ﾠ
technological	 ﾠsolutions,	 ﾠvery	 ﾠlittle	 ﾠprogress	 ﾠhas	 ﾠbeen	 ﾠmade	 ﾠin	 ﾠreducing	 ﾠ
raptor	 ﾠ electrocutions	 ﾠ due	 ﾠ to	 ﾠ funding	 ﾠ constraints	 ﾠ [58,60,55,61].	 ﾠ In	 ﾠ
summary,	 ﾠ utility	 ﾠ pole	 ﾠ retrofitting	 ﾠ is	 ﾠ an	 ﾠ ideal	 ﾠ compensatory	 ﾠ project	 ﾠ
because	 ﾠ it	 ﾠ matches	 ﾠ a	 ﾠ wind	 ﾠ power	 ﾠ company	 ﾠ seeking	 ﾠ compensation	 ﾠ
credits	 ﾠwith	 ﾠpower	 ﾠdistributers	 ﾠwho	 ﾠare	 ﾠunderfunded	 ﾠ-ﾭ‐-ﾭ‐	 ﾠyet	 ﾠpressured	 ﾠ-ﾭ‐
-ﾭ‐	 ﾠto	 ﾠaddress	 ﾠa	 ﾠ"fixable"	 ﾠproblem.	 ﾠ	 ﾠ
Finally,	 ﾠ some	 ﾠ argue	 ﾠ that	 ﾠ dangerous	 ﾠ poles	 ﾠ should	 ﾠ be	 ﾠ retrofitted	 ﾠ
regardless	 ﾠand	 ﾠthat	 ﾠwind	 ﾠpower	 ﾠcompanies	 ﾠshould	 ﾠnot	 ﾠreceive	 ﾠ"credit"	 ﾠ
for	 ﾠsomething	 ﾠutility	 ﾠcompanies	 ﾠshould	 ﾠundertake	 ﾠindependently.	 ﾠFor	 ﾠ
example,	 ﾠthe	 ﾠBern	 ﾠConvention's	 ﾠRecommendation	 ﾠ110	 ﾠ[59],	 ﾠpublished	 ﾠ
in	 ﾠ 2004,	 ﾠ details	 ﾠ electrocution	 ﾠ prevention	 ﾠ measures	 ﾠ that	 ﾠ several	 ﾠ
countries	 ﾠ (including	 ﾠ Norway)	 ﾠ have	 ﾠ agreed	 ﾠ to	 ﾠ carry	 ﾠ out.	 ﾠ In	 ﾠ practice,	 ﾠ
however,	 ﾠimplementation	 ﾠof	 ﾠthese	 ﾠreadily-ﾭ‐available	 ﾠtechnical	 ﾠsolutions	 ﾠ
is	 ﾠvery	 ﾠlimited.	 ﾠI	 ﾠargue	 ﾠthat	 ﾠthe	 ﾠpossibility	 ﾠof	 ﾠ"compensation	 ﾠcredits"	 ﾠ
for	 ﾠwind	 ﾠpower	 ﾠcompanies	 ﾠprovide	 ﾠan	 ﾠimpetus	 ﾠfor	 ﾠimplementing	 ﾠthe	 ﾠ
Bern	 ﾠConvention	 ﾠRecommendation	 ﾠand	 ﾠto	 ﾠachieve	 ﾠreal	 ﾠenvironmental	 ﾠ
gains	 ﾠfor	 ﾠbird	 ﾠpopulations,	 ﾠwhile	 ﾠensuring	 ﾠpublic	 ﾠcompensation	 ﾠfor	 ﾠlost	 ﾠ
resources.	 ﾠ
The	 ﾠ"hypothetical"	 ﾠillustration	 ﾠ-ﾭ	 ﾠCalculating	 ﾠthe	 ﾠper	 ﾠunit	 ﾠcredit	 ﾠ
from	 ﾠ retrofitting.	 ﾠ Retrofitting	 ﾠ measures	 ﾠ will	 ﾠ reduce	 ﾠ sea	 ﾠ eagle	 ﾠ
mortality,	 ﾠleading	 ﾠto	 ﾠa	 ﾠquantifiable	 ﾠincrease	 ﾠin	 ﾠDBYs	 ﾠby	 ﾠ(1)	 ﾠdirectly	 ﾠ
avoiding	 ﾠ deaths	 ﾠ from	 ﾠ electrocution	 ﾠ and	 ﾠ (2)	 ﾠ indirectly	 ﾠ avoiding	 ﾠ
production	 ﾠlosses	 ﾠ(offspring).	 ﾠ	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
19	 ﾠ An	 ﾠi n e s c a p a b l e 	 ﾠc a v e a t 	 ﾠt o 	 ﾠt h e 	 ﾠl i t e r a t u r e 	 ﾠi s 	 ﾠt h a t 	 ﾠc a u s e 	 ﾠo f 	 ﾠd e a t h 	 ﾠi s 	 ﾠh e a v i l y 	 ﾠb i a s e d 	 ﾠ
because	 ﾠstudies	 ﾠonly	 ﾠinclude	 ﾠ"discovered"	 ﾠbird	 ﾠcarcasses,	 ﾠrather	 ﾠthan	 ﾠall	 ﾠvictims	 ﾠfrom	 ﾠ
a	 ﾠsystematic	 ﾠsearch.	 ﾠ	 ﾠ
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Table	 ﾠ I-ﾭ‐4	 ﾠ shows	 ﾠ the	 ﾠ calculations	 ﾠ for	 ﾠ DBYs	 ﾠ gained	 ﾠ for	 ﾠ each	 ﾠ utility	 ﾠ
pole	 ﾠretrofitted	 ﾠin	 ﾠthis	 ﾠhypothetical	 ﾠcase	 ﾠstudy	 ﾠ(to	 ﾠsave	 ﾠspace	 ﾠI	 ﾠdisplay	 ﾠ
only	 ﾠthe	 ﾠfirst	 ﾠfive	 ﾠyears	 ﾠand	 ﾠthen	 ﾠthe	 ﾠfinal	 ﾠyears).	 ﾠThe	 ﾠobjective	 ﾠis	 ﾠto	 ﾠ
demonstrate	 ﾠ how	 ﾠ to	 ﾠ quantify	 ﾠ the	 ﾠ per	 ﾠ unit	 ﾠ credit	 ﾠ from	 ﾠ restoration.	 ﾠ
Direct	 ﾠgains	 ﾠfrom	 ﾠavoided	 ﾠelectrocution	 ﾠmortality	 ﾠare	 ﾠshown	 ﾠin	 ﾠColumn	 ﾠ
E.	 ﾠThese	 ﾠcredits	 ﾠare	 ﾠbased	 ﾠon	 ﾠhow	 ﾠmuch	 ﾠlonger	 ﾠan	 ﾠaverage-ﾭ‐aged	 ﾠbird	 ﾠ
would	 ﾠ have	 ﾠ lived	 ﾠ if	 ﾠ it	 ﾠ had	 ﾠ not	 ﾠ been	 ﾠ electrocuted	 ﾠ in	 ﾠ a	 ﾠ given	 ﾠ year,	 ﾠ
discounted	 ﾠ to	 ﾠ the	 ﾠ year	 ﾠ of	 ﾠ the	 ﾠ analysis	 ﾠ (2009).	 ﾠ Indirect	 ﾠ gains	 ﾠ from	 ﾠ
avoided	 ﾠproduction	 ﾠlosses	 ﾠare	 ﾠshown	 ﾠin	 ﾠColumn	 ﾠG.	 ﾠThese	 ﾠcredits	 ﾠare	 ﾠ
based	 ﾠon	 ﾠthe	 ﾠDBYs	 ﾠthat	 ﾠwould	 ﾠhave	 ﾠbeen	 ﾠ"produced"	 ﾠ(offspring)	 ﾠby	 ﾠan	 ﾠ
average-ﾭ‐aged	 ﾠeagle	 ﾠfrom	 ﾠthe	 ﾠage	 ﾠof	 ﾠelectrocution	 ﾠuntil	 ﾠmaximum	 ﾠage.	 ﾠ
The	 ﾠtotal	 ﾠcredits	 ﾠper	 ﾠutility	 ﾠpole	 ﾠretrofitted	 ﾠis	 ﾠthe	 ﾠsum	 ﾠof	 ﾠthese	 ﾠtwo	 ﾠ
categories,	 ﾠColumn	 ﾠH	 ﾠ(detailed	 ﾠcalculations	 ﾠin	 ﾠAppendices).	 ﾠ
For	 ﾠillustration,	 ﾠI	 ﾠassume	 ﾠthe	 ﾠretrofitting	 ﾠof	 ﾠan	 ﾠindividual	 ﾠutility	 ﾠpole	 ﾠ
leads	 ﾠto	 ﾠ.01	 ﾠfewer	 ﾠelectrocution	 ﾠdeaths	 ﾠper	 ﾠutility	 ﾠpole,	 ﾠper	 ﾠyear	 ﾠ(the	 ﾠ
actual	 ﾠnumber	 ﾠwill	 ﾠbe	 ﾠbased	 ﾠon	 ﾠdocumented	 ﾠstudies	 ﾠnot	 ﾠyet	 ﾠcomplete).	 ﾠ
I	 ﾠassume	 ﾠthe	 ﾠproject	 ﾠbenefits	 ﾠare	 ﾠprovided	 ﾠeach	 ﾠyear	 ﾠfrom	 ﾠ2012	 ﾠuntil	 ﾠ
2037,	 ﾠi.e.,	 ﾠa	 ﾠ25	 ﾠyear	 ﾠproject	 ﾠlife.	 ﾠI	 ﾠshow	 ﾠa	 ﾠsensitivity	 ﾠanalysis	 ﾠassuming	 ﾠ
100	 ﾠyears.	 ﾠAs	 ﾠabove,	 ﾠa	 ﾠdiscount	 ﾠrate	 ﾠof	 ﾠthree	 ﾠ(and	 ﾠsix)	 ﾠpercent	 ﾠis	 ﾠused	 ﾠ
to	 ﾠreflect	 ﾠsociety's	 ﾠtime	 ﾠpreference.	 ﾠ
For	 ﾠ each	 ﾠ utility	 ﾠ pole	 ﾠ retrofitted,	 ﾠ approximately	 ﾠ 6	 ﾠ DBYs	 ﾠ are	 ﾠ
generated	 ﾠ over	 ﾠ a	 ﾠ 25	 ﾠ year	 ﾠ project	 ﾠ life,	 ﾠ or	 ﾠ approximately	 ﾠ 11	 ﾠ DBYs	 ﾠ if	 ﾠ
benefits	 ﾠcontinue	 ﾠover	 ﾠ100	 ﾠyears.	 ﾠ	 ﾠBy	 ﾠassuming	 ﾠa	 ﾠhigher	 ﾠdiscount	 ﾠrate	 ﾠ
of	 ﾠ6	 ﾠpercent	 ﾠ(future	 ﾠgains	 ﾠare	 ﾠworth	 ﾠless),	 ﾠper	 ﾠpole	 ﾠcredits	 ﾠare	 ﾠ3	 ﾠto	 ﾠ4	 ﾠ
DBYs	 ﾠ(25	 ﾠand	 ﾠ100	 ﾠyears,	 ﾠrespectively).	 ﾠ
	 ﾠ
	 ﾠ	 ﾠ
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Table	 ﾠI-ﾭ4.	 ﾠTotal	 ﾠdiscounted	 ﾠgains	 ﾠ(credit)	 ﾠfrom	 ﾠavoided	 ﾠelectrocution	 ﾠand	 ﾠavoided	 ﾠproduction	 ﾠlosses	 ﾠper	 ﾠutility	 ﾠpole	 ﾠretrofitted	 ﾠ-ﾭ	 ﾠhypothetical	 ﾠ
calculations	 ﾠ
Year	 ﾠ
	 ﾠ
Discount	 ﾠ
Factor	 ﾠ
No.	 ﾠof	 ﾠavoided	 ﾠ
electrocutions	 ﾠ
per	 ﾠpole	 ﾠper	 ﾠ
year	 ﾠ
Discounted	 ﾠlife	 ﾠ
expectancy	 ﾠ
gain	 ﾠper	 ﾠ
avoided	 ﾠ
electrocution	 ﾠ
Credit	 ﾠfrom	 ﾠ
avoided	 ﾠ	 ﾠ
electrocution	 ﾠ
(direct)	 ﾠ
Production	 ﾠper	 ﾠ
avoided	 ﾠ
electrocution	 ﾠ
Credit	 ﾠfrom	 ﾠ
avoided	 ﾠ
production	 ﾠloss	 ﾠ
(indirect)	 ﾠ
Total	 ﾠper	 ﾠpole	 ﾠ
credit	 ﾠfrom	 ﾠ
retrofitting	 ﾠ
(DBYs)	 ﾠ
A	 ﾠ B	 ﾠ C	 ﾠ D	 ﾠ E	 ﾠ F	 ﾠ G	 ﾠ H	 ﾠ
	 ﾠ formulaa	 ﾠ assumption	 ﾠ Appendix	 ﾠC	 ﾠ E=B*C*D	 ﾠ Appendix	 ﾠE	 ﾠ G=B*C*F	 ﾠ H=E+G	 ﾠ
2012	 ﾠ(1)	 ﾠ 0.92	 ﾠ 0.01	 ﾠ 10.5	 ﾠ 0.10	 ﾠ 26.1	 ﾠ 0.24	 ﾠ 0.34	 ﾠ
2013	 ﾠ(2)	 ﾠ 0.89	 ﾠ 0.01	 ﾠ 10.5	 ﾠ 0.09	 ﾠ 26.1	 ﾠ 0.23	 ﾠ 0.33	 ﾠ
2014	 ﾠ(3)	 ﾠ 0.86	 ﾠ 0.01	 ﾠ 10.5	 ﾠ 0.09	 ﾠ 26.1	 ﾠ 0.23	 ﾠ 0.32	 ﾠ
2015	 ﾠ(4)	 ﾠ 0.84	 ﾠ 0.01	 ﾠ 10.5	 ﾠ 0.09	 ﾠ 26.1	 ﾠ 0.22	 ﾠ 0.31	 ﾠ
2016	 ﾠ(5)	 ﾠ 0.81	 ﾠ 0.01	 ﾠ 10.5	 ﾠ 0.09	 ﾠ 26.1	 ﾠ 0.21	 ﾠ 0.30	 ﾠ
...	 ﾠ ...	 ﾠ ...	 ﾠ ...	 ﾠ ...	 ﾠ ...	 ﾠ ...	 ﾠ ...	 ﾠ
2037	 ﾠ(25)	 ﾠ 0.44	 ﾠ 0.01	 ﾠ 10.5	 ﾠ 0.05	 ﾠ 26.1	 ﾠ 0.11	 ﾠ 0.16	 ﾠ
...	 ﾠ ...	 ﾠ ...	 ﾠ ...	 ﾠ ...	 ﾠ ...	 ﾠ ...	 ﾠ ...	 ﾠ
2112	 ﾠ(100)	 ﾠ 0.05	 ﾠ 0.01	 ﾠ 10.5	 ﾠ 0.00	 ﾠ 26.1	 ﾠ 0.01	 ﾠ 0.02	 ﾠ
Hypothetical	 ﾠtotal	 ﾠover	 ﾠ25	 ﾠyrs	 ﾠto	 ﾠ2037	 ﾠat	 ﾠ3%	 ﾠ(totals	 ﾠat	 ﾠ6%)	 ﾠ 1.77	 ﾠ	 ﾠ(.99)	 ﾠ 	 ﾠ 4.40	 ﾠ	 ﾠ(2.34)	 ﾠ 6.17	 ﾠ	 ﾠ(3.33)	 ﾠ
Hypothetical	 ﾠtotal	 ﾠover	 ﾠ100	 ﾠyrs	 ﾠto	 ﾠ2112	 ﾠat	 ﾠ3%	 ﾠ(totals	 ﾠat	 ﾠ6%)	 ﾠ 3.13	 ﾠ	 ﾠ(1.26)	 ﾠ 	 ﾠ 7.80	 ﾠ	 ﾠ(2.99)	 ﾠ 10.93	 ﾠ	 ﾠ(4.25)	 ﾠ
a The formula for the discount factor is 1/[(1+r)current yr - base year], where r is assumed to be 3 (or 6) percent and the base year is 2009.  
The year 2037 represents 25 years from beginning of project; year 2112 represents 100 year project life. 
Columns D and F are discounted to the year of electrocution and year of birth, respectively. Total impacts in Columns E and G are 
discounted to the base year of the analysis (2009). Totals may differ slightly due to rounding 	 ﾠ
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1.2.4  Step	 ﾠFour:	 ﾠScale	 ﾠRestoration	 ﾠ("how	 ﾠmuch	 ﾠis	 ﾠenough?")	 ﾠ
Scaling	 ﾠrestoration	 ﾠrefers	 ﾠto	 ﾠthe	 ﾠprocess	 ﾠof	 ﾠdetermining	 ﾠhow	 ﾠmuch	 ﾠ
compensation	 ﾠ is	 ﾠ required	 ﾠ to	 ﾠ ensure	 ﾠ the	 ﾠ public	 ﾠ is	 ﾠ adequately	 ﾠ
compensated	 ﾠfor	 ﾠthe	 ﾠloss	 ﾠof	 ﾠa	 ﾠresource.	 ﾠEquivalency	 ﾠanalysis	 ﾠasserts	 ﾠ
that	 ﾠit	 ﾠis	 ﾠa	 ﾠfunction	 ﾠof:	 ﾠ(1)	 ﾠthe	 ﾠsize	 ﾠof	 ﾠthe	 ﾠenvironmental	 ﾠdamage	 ﾠand	 ﾠ(2)	 ﾠ
the	 ﾠ per	 ﾠ unit	 ﾠ environmental	 ﾠ gains	 ﾠ from	 ﾠ restoration.	 ﾠ To	 ﾠ ensure	 ﾠ
"equivalence"	 ﾠdivide	 ﾠtotal	 ﾠdebits	 ﾠby	 ﾠper	 ﾠunit	 ﾠcredits.	 ﾠ	 ﾠ
Given	 ﾠ hypothetical	 ﾠ numbers	 ﾠ in	 ﾠT a b l e s 	 ﾠI-ﾭ‐3	 ﾠ and	 ﾠ I-ﾭ‐4	 ﾠ (discounted	 ﾠ at	 ﾠ
three	 ﾠpercent),	 ﾠapproximately	 ﾠ180	 ﾠutility	 ﾠpoles	 ﾠ(1,994/10.93)	 ﾠwould	 ﾠ
need	 ﾠto	 ﾠbe	 ﾠretrofitted,	 ﾠassuming	 ﾠdamages	 ﾠfrom	 ﾠthe	 ﾠturbines	 ﾠlast	 ﾠuntil	 ﾠ
2018	 ﾠand	 ﾠenvironmental	 ﾠgains	 ﾠfrom	 ﾠretrofitting	 ﾠlast	 ﾠa	 ﾠfull	 ﾠ100	 ﾠyears.	 ﾠ
Alternatively,	 ﾠif	 ﾠdamages	 ﾠlast	 ﾠuntil	 ﾠ2027	 ﾠbut	 ﾠenvironmental	 ﾠgains	 ﾠlast	 ﾠ
25	 ﾠyears,	 ﾠthen	 ﾠretrofitting	 ﾠ540	 ﾠutility	 ﾠpoles	 ﾠ(3,336/6.17)	 ﾠwould	 ﾠprovide	 ﾠ
enough	 ﾠscaled	 ﾠcompensation	 ﾠto	 ﾠoffset	 ﾠdebits	 ﾠ(assuming	 ﾠa	 ﾠ6%	 ﾠdiscount	 ﾠ
rate,	 ﾠ scaled	 ﾠ compensation	 ﾠ may	 ﾠ range	 ﾠ from	 ﾠ 360	 ﾠ to	 ﾠ 730	 ﾠ poles).	 ﾠ
Importantly,	 ﾠeven	 ﾠwith	 ﾠactual	 ﾠdata,	 ﾠthe	 ﾠscaled	 ﾠamount	 ﾠof	 ﾠcompensation	 ﾠ
is	 ﾠan	 ﾠapproximation	 ﾠand	 ﾠonly	 ﾠas	 ﾠreliable	 ﾠas	 ﾠthe	 ﾠdata	 ﾠunderlying	 ﾠit.	 ﾠ	 ﾠ
If	 ﾠthe	 ﾠrestoration	 ﾠproject	 ﾠis	 ﾠdelayed	 ﾠ-ﾭ‐-ﾭ‐	 ﾠi.e.,	 ﾠproject	 ﾠbenefits	 ﾠrealized	 ﾠ
further	 ﾠinto	 ﾠthe	 ﾠfuture	 ﾠ-ﾭ‐-ﾭ‐	 ﾠthen	 ﾠthe	 ﾠper	 ﾠunit	 ﾠcredit	 ﾠdeclines,	 ﾠwhich	 ﾠmeans	 ﾠ
even	 ﾠmore	 ﾠcompensation	 ﾠis	 ﾠrequired	 ﾠto	 ﾠoffset	 ﾠdebits.	 ﾠThus,	 ﾠdiscounting	 ﾠ
provides	 ﾠ an	 ﾠ incentive	 ﾠ for	 ﾠ those	 ﾠ causing	 ﾠ environmental	 ﾠ damage	 ﾠ to	 ﾠ
provide	 ﾠtimely	 ﾠcompensation.20	 ﾠNote	 ﾠalso	 ﾠthat	 ﾠlong-ﾭ‐lasting	 ﾠrestoration	 ﾠ
projects	 ﾠ(100	 ﾠyears	 ﾠof	 ﾠgain	 ﾠversus	 ﾠ25	 ﾠyears)	 ﾠresult	 ﾠin	 ﾠlarger	 ﾠper	 ﾠunit	 ﾠ
credits	 ﾠand	 ﾠtherefore	 ﾠless	 ﾠcompensation.	 ﾠThus,	 ﾠit	 ﾠis	 ﾠin	 ﾠthe	 ﾠinterest	 ﾠof	 ﾠ
those	 ﾠ who	 ﾠ cause	 ﾠ environmental	 ﾠ damage	 ﾠ to	 ﾠ ensure	 ﾠ long-ﾭ‐lasting	 ﾠ
restoration	 ﾠprojects.	 ﾠ	 ﾠ
Restoration	 ﾠ costs	 ﾠ &	 ﾠ lost	 ﾠ environmental	 ﾠ value.	 ﾠ The	 ﾠ costs	 ﾠ
associated	 ﾠ with	 ﾠ retrofitting	 ﾠ may	 ﾠ include	 ﾠ (1)	 ﾠ the	 ﾠ cost	 ﾠ of	 ﾠ assessment	 ﾠ
(data	 ﾠcollection	 ﾠand	 ﾠequivalency	 ﾠanalysis	 ﾠreport)	 ﾠand	 ﾠ(2)	 ﾠthe	 ﾠcost	 ﾠof	 ﾠ
restoration	 ﾠ(materials	 ﾠand	 ﾠlabor,	 ﾠfuture	 ﾠmonitoring	 ﾠand	 ﾠreporting,	 ﾠetc).	 ﾠ
The	 ﾠ following	 ﾠ question	 ﾠ arises:	 ﾠ Should	 ﾠ total	 ﾠ project	 ﾠ costs	 ﾠ be	 ﾠ net	 ﾠ of	 ﾠ
possible	 ﾠ cost	 ﾠ savings	 ﾠ to	 ﾠ utilities	 ﾠ due	 ﾠ to	 ﾠ fewer	 ﾠ bird-ﾭ‐related	 ﾠ power	 ﾠ
outages?	 ﾠI	 ﾠmake	 ﾠthe	 ﾠassumption	 ﾠthat	 ﾠutilities	 ﾠvoluntarily	 ﾠinvest	 ﾠin	 ﾠsome	 ﾠ
amount	 ﾠ of	 ﾠ mitigation	 ﾠ until	 ﾠ the	 ﾠ marginal	 ﾠ cost	 ﾠ equals	 ﾠ the	 ﾠ marginal	 ﾠ
benefit	 ﾠ they	 ﾠ receive	 ﾠ (fewer	 ﾠ costly	 ﾠ outages).	 ﾠ The	 ﾠ fact	 ﾠ that	 ﾠ the	 ﾠ Bern	 ﾠ
Convention	 ﾠ has	 ﾠ requested	 ﾠ further	 ﾠ investment	 ﾠ implies	 ﾠ that	 ﾠ society	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
20	 ﾠ As	 ﾠ reiterated	 ﾠ in	 ﾠ the	 ﾠ conclusion,	 ﾠ the	 ﾠ primary	 ﾠ objective	 ﾠ is	 ﾠ to	 ﾠ avoid	 ﾠ and	 ﾠ minimize	 ﾠ
damage;	 ﾠcompensation	 ﾠis	 ﾠthe	 ﾠthird	 ﾠoption.	 ﾠ	 ﾠ
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 ﾠ
prefers	 ﾠ less	 ﾠ bird	 ﾠ mortality	 ﾠ than	 ﾠ what	 ﾠ utilities	 ﾠ consider	 ﾠ to	 ﾠ be	 ﾠ
economically	 ﾠoptimal.	 ﾠThus,	 ﾠI	 ﾠassume	 ﾠthat	 ﾠthe	 ﾠcost	 ﾠto	 ﾠsociety	 ﾠof	 ﾠthe	 ﾠ
restoration	 ﾠproject	 ﾠgains	 ﾠis	 ﾠthe	 ﾠadditional	 ﾠexpenditures	 ﾠrequested	 ﾠby	 ﾠ
the	 ﾠ Bern	 ﾠ Convention,	 ﾠ over	 ﾠ and	 ﾠ above	 ﾠ what	 ﾠ the	 ﾠ utilities	 ﾠ would	 ﾠ have	 ﾠ
invested	 ﾠindependently.	 ﾠThus,	 ﾠthe	 ﾠcost	 ﾠof	 ﾠcompensation	 ﾠcredits	 ﾠto	 ﾠwind	 ﾠ
power	 ﾠ developers	 ﾠ depends	 ﾠ on	 ﾠ the	 ﾠ current	 ﾠ and	 ﾠ projected	 ﾠ level	 ﾠ of	 ﾠ
retrofitting	 ﾠinvestment	 ﾠin	 ﾠa	 ﾠgiven	 ﾠarea.	 ﾠ
To	 ﾠ estimate	 ﾠ costs	 ﾠ for	 ﾠ the	 ﾠ project,	 ﾠ I	 ﾠ reviewed	 ﾠ the	 ﾠ literature	 ﾠ and	 ﾠ
contacted	 ﾠ utilities,	 ﾠ but	 ﾠ information	 ﾠ was	 ﾠ sparse	 ﾠ (and	 ﾠ inherently	 ﾠ site-ﾭ‐
specific).	 ﾠBirdLife	 ﾠInternational	 ﾠHungary	 ﾠestimates	 ﾠ2,400	 ﾠEuro	 ﾠ(20,500	 ﾠ
NOK)	 ﾠper	 ﾠkm	 ﾠof	 ﾠ20	 ﾠkV	 ﾠwire	 ﾠinsulated	 ﾠand	 ﾠ48,000	 ﾠEuro	 ﾠ(412,000	 ﾠNOK)	 ﾠ
per	 ﾠkm	 ﾠof	 ﾠunderground	 ﾠcabling	 ﾠ[55].	 ﾠAustria	 ﾠestimates	 ﾠ70,000	 ﾠEuro	 ﾠper	 ﾠ
km	 ﾠof	 ﾠ20	 ﾠkV	 ﾠwire	 ﾠunderground	 ﾠcabling	 ﾠ[62].	 ﾠ	 ﾠ
These	 ﾠfigures	 ﾠprovide	 ﾠan	 ﾠindication	 ﾠof	 ﾠthe	 ﾠcosts	 ﾠthat	 ﾠStatkraft	 ﾠmight	 ﾠ
face	 ﾠ if	 ﾠ they	 ﾠ pursue	 ﾠ compensation	 ﾠ credits	 ﾠ based	 ﾠ on	 ﾠ power	 ﾠ line	 ﾠ
retrofitting.	 ﾠ The	 ﾠ final	 ﾠ cost	 ﾠ of	 ﾠ a	 ﾠ restoration	 ﾠ project	 ﾠ undertaken	 ﾠ by	 ﾠ
Statkraft	 ﾠmay	 ﾠprovide	 ﾠsome	 ﾠinformation	 ﾠabout	 ﾠthe	 ﾠvalue	 ﾠsociety	 ﾠplaces	 ﾠ
on	 ﾠ the	 ﾠ loss	 ﾠ of	 ﾠ sea	 ﾠ eagles,	 ﾠ even	 ﾠ though	 ﾠ it	 ﾠ is	 ﾠ not	 ﾠ a	 ﾠ fully-ﾭ‐appropriate	 ﾠ
welfare	 ﾠmeasure	 ﾠof	 ﾠvalue.	 ﾠFor	 ﾠexample,	 ﾠeconomists	 ﾠnote	 ﾠthat	 ﾠthe	 ﾠvalue	 ﾠ
of	 ﾠenvironmental	 ﾠdamage	 ﾠshould	 ﾠbe	 ﾠbased	 ﾠon	 ﾠsociety’s	 ﾠwillingness	 ﾠto	 ﾠ
pay	 ﾠto	 ﾠavoid	 ﾠa	 ﾠportion21	 ﾠof	 ﾠthe	 ﾠexternal	 ﾠcosts	 ﾠof	 ﾠwind	 ﾠpower	 ﾠproduction	 ﾠ
(e.g.,	 ﾠimpacts	 ﾠthat	 ﾠare	 ﾠnot	 ﾠcaptured	 ﾠby	 ﾠthe	 ﾠprice	 ﾠof	 ﾠelectricity)	 ﾠrather	 ﾠ
than	 ﾠthe	 ﾠcost	 ﾠof	 ﾠreplacing	 ﾠdamaged	 ﾠresources.22	 ﾠThe	 ﾠEU	 ﾠproject	 ﾠExternE	 ﾠ
(www.externe.info)	 ﾠidentifies	 ﾠ-ﾭ‐-ﾭ‐	 ﾠand	 ﾠin	 ﾠpart	 ﾠmonetizes	 ﾠ-ﾭ‐-ﾭ‐	 ﾠthe	 ﾠexternal	 ﾠ
costs	 ﾠof	 ﾠwind	 ﾠpower	 ﾠin	 ﾠa	 ﾠway	 ﾠthat	 ﾠaccounts	 ﾠfor	 ﾠan	 ﾠindividual's	 ﾠutility	 ﾠ
change,	 ﾠthus	 ﾠproviding	 ﾠa	 ﾠrobust	 ﾠmeasure	 ﾠof	 ﾠvalue	 ﾠ(the	 ﾠdrawback	 ﾠto	 ﾠthe	 ﾠ
economic	 ﾠvaluation	 ﾠapproach	 ﾠin	 ﾠExternE	 ﾠis	 ﾠthat	 ﾠsome	 ﾠof	 ﾠthe	 ﾠexternal	 ﾠ
costs	 ﾠare	 ﾠdifficult	 ﾠto	 ﾠmonetize).	 ﾠDespite	 ﾠthe	 ﾠfact	 ﾠthat	 ﾠthe	 ﾠ"replacement	 ﾠ
cost"	 ﾠapproach	 ﾠused	 ﾠin	 ﾠequivalency	 ﾠanalysis	 ﾠis	 ﾠnot	 ﾠan	 ﾠideal	 ﾠmeasure	 ﾠof	 ﾠ
value	 ﾠ[63-ﾭ‐66],	 ﾠit	 ﾠdoes	 ﾠprovide	 ﾠa	 ﾠstarting	 ﾠpoint	 ﾠto	 ﾠdiscuss	 ﾠthe	 ﾠmonetary	 ﾠ
loss	 ﾠof	 ﾠresources	 ﾠfrom	 ﾠwind	 ﾠpower	 ﾠdevelopment.	 ﾠIn	 ﾠother	 ﾠwords,	 ﾠthe	 ﾠ
fact	 ﾠthat	 ﾠsimilar	 ﾠrestoration	 ﾠprojects	 ﾠhave	 ﾠbeen	 ﾠimplemented	 ﾠin	 ﾠthe	 ﾠUS	 ﾠ
(and	 ﾠ are	 ﾠ required	 ﾠ for	 ﾠ certain	 ﾠ environmental	 ﾠ damage	 ﾠ in	 ﾠ the	 ﾠ EU)	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
21	 ﾠEconomist	 ﾠdo	 ﾠnot	 ﾠsuggest	 ﾠthat	 ﾠthe	 ﾠvalue	 ﾠis	 ﾠbased	 ﾠon	 ﾠthe	 ﾠWTP	 ﾠto	 ﾠavoid	 ﾠall	 ﾠexternal	 ﾠ
costs;	 ﾠinstead,	 ﾠthere	 ﾠexists	 ﾠsome	 ﾠ"optimal"	 ﾠamount	 ﾠof	 ﾠexternality,	 ﾠi.e.,	 ﾠsociety	 ﾠmay	 ﾠbe	 ﾠ
willing	 ﾠto	 ﾠpay	 ﾠthe	 ﾠcost	 ﾠto	 ﾠprevent	 ﾠ95%	 ﾠof	 ﾠbird	 ﾠkills	 ﾠfrom	 ﾠturbines,	 ﾠbut	 ﾠthe	 ﾠlast	 ﾠ5%	 ﾠmay	 ﾠ
be	 ﾠtoo	 ﾠexpensive.	 ﾠ
22	 ﾠIntuitively,	 ﾠthe	 ﾠcost	 ﾠof	 ﾠreplacing	 ﾠa	 ﾠlost	 ﾠitem	 ﾠmay	 ﾠor	 ﾠmay	 ﾠnot	 ﾠhave	 ﾠanything	 ﾠto	 ﾠdo	 ﾠwith	 ﾠ
its	 ﾠinherent	 ﾠvalue.	 ﾠ	 ﾠ
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provides	 ﾠsome	 ﾠevidence	 ﾠthat	 ﾠthe	 ﾠpublic23	 ﾠis	 ﾠat	 ﾠleast	 ﾠwilling	 ﾠto	 ﾠpay	 ﾠthe	 ﾠ
cost	 ﾠ to	 ﾠ support	 ﾠ such	 ﾠ projects	 ﾠ (an	 ﾠ indicator	 ﾠ of	 ﾠ value);	 ﾠ it	 ﾠ does	 ﾠ not,	 ﾠ
however,	 ﾠtell	 ﾠus	 ﾠwhether	 ﾠthey	 ﾠmay	 ﾠbe	 ﾠwilling	 ﾠto	 ﾠpay	 ﾠmore	 ﾠ(or	 ﾠless)	 ﾠto	 ﾠ
avoid	 ﾠsuch	 ﾠdamage	 ﾠfrom	 ﾠoccurring	 ﾠin	 ﾠthe	 ﾠfirst	 ﾠplace,	 ﾠwhich	 ﾠis	 ﾠthe	 ﾠmore	 ﾠ
appropriate	 ﾠmeasure	 ﾠof	 ﾠvalue.	 ﾠ
	 ﾠ
1.2.5  Step	 ﾠFive:	 ﾠMonitoring	 ﾠand	 ﾠReporting	 ﾠ	 ﾠ
The	 ﾠpurpose	 ﾠof	 ﾠmonitoring	 ﾠand	 ﾠreporting	 ﾠis	 ﾠmonitor	 ﾠproject	 ﾠsuccess.	 ﾠ
For	 ﾠexample,	 ﾠa	 ﾠ“restoration	 ﾠand	 ﾠcompensation”	 ﾠplan	 ﾠmay	 ﾠinclude	 ﾠthe	 ﾠ
following:	 ﾠa	 ﾠprotocol	 ﾠfor	 ﾠmonitoring	 ﾠkey	 ﾠcriteria	 ﾠ(e.g.,	 ﾠbird	 ﾠpopulation),	 ﾠ
a	 ﾠlist	 ﾠof	 ﾠgoals	 ﾠfor	 ﾠrestoration	 ﾠsuccess,	 ﾠannual	 ﾠmonitoring	 ﾠreports,	 ﾠand	 ﾠ
suggested	 ﾠrevisions	 ﾠto	 ﾠrestoration	 ﾠplans	 ﾠas	 ﾠnecessary	 ﾠ(i.e.,	 ﾠmid-ﾭ‐course	 ﾠ
adjustments	 ﾠto	 ﾠensure	 ﾠthe	 ﾠrestoration	 ﾠgains	 ﾠpromised	 ﾠto	 ﾠthe	 ﾠpublic	 ﾠare	 ﾠ
actually	 ﾠrealized	 ﾠor	 ﾠto	 ﾠprevent	 ﾠgratuitous	 ﾠrestoration).	 ﾠ
	 ﾠ
1.3  Conclusion	 ﾠ
No	 ﾠpower	 ﾠsource	 ﾠis	 ﾠdevoid	 ﾠof	 ﾠenvironmental	 ﾠimpacts:	 ﾠfossil	 ﾠfuel	 ﾠand	 ﾠ
coal	 ﾠrelease	 ﾠCO2	 ﾠinto	 ﾠthe	 ﾠatmosphere,	 ﾠhydropower	 ﾠdisrupts	 ﾠthe	 ﾠwater	 ﾠ
cycle	 ﾠand	 ﾠfish	 ﾠmigration,	 ﾠand	 ﾠwind	 ﾠpower	 ﾠhas	 ﾠimpacts	 ﾠon	 ﾠspecies	 ﾠand	 ﾠ
their	 ﾠ habitats.	 ﾠ A	 ﾠ sound	 ﾠ environmental	 ﾠ policy	 ﾠ approach	 ﾠ is	 ﾠ one	 ﾠ that	 ﾠ
relies	 ﾠ on	 ﾠ the	 ﾠ 	 ﾠ "Alternative-ﾭ‐Mitigation-ﾭ‐Compensation"	 ﾠ hierarchy	 ﾠ to	 ﾠ
determine	 ﾠwhether	 ﾠto	 ﾠproceed	 ﾠwith	 ﾠa	 ﾠspecific	 ﾠenergy	 ﾠproject.	 ﾠWhen	 ﾠ
applied	 ﾠappropriately	 ﾠwithin	 ﾠthis	 ﾠhierarchy,	 ﾠcompensatory	 ﾠmeasures	 ﾠ-ﾭ‐-ﾭ‐	 ﾠ
either	 ﾠas	 ﾠrequired	 ﾠunder	 ﾠspecific	 ﾠstatues	 ﾠor	 ﾠas	 ﾠa	 ﾠvoluntary	 ﾠaction	 ﾠby	 ﾠ
power	 ﾠcompanies	 ﾠ-ﾭ‐-ﾭ‐	 ﾠprovide	 ﾠa	 ﾠsensible	 ﾠmeans	 ﾠof	 ﾠreducing	 ﾠthe	 ﾠloss	 ﾠof	 ﾠ
environmental	 ﾠ resources	 ﾠ and/or	 ﾠ services.	 ﾠ But	 ﾠ an	 ﾠ obvious	 ﾠ question	 ﾠ
arises:	 ﾠhow	 ﾠmuch	 ﾠcompensation	 ﾠis	 ﾠrequired?	 ﾠ	 ﾠ
This	 ﾠ paper	 ﾠ presented	 ﾠ a	 ﾠ framework	 ﾠ for	 ﾠ determining	 ﾠh o w 	 ﾠm u c h 	 ﾠ
compensation	 ﾠ is	 ﾠ enough	 ﾠ to	 ﾠ offset	 ﾠ environmental	 ﾠ impacts	 ﾠ of	 ﾠ a	 ﾠ wind	 ﾠ
power	 ﾠ project.	 ﾠ The	 ﾠ framework	 ﾠ ensures	 ﾠ that	 ﾠ the	 ﾠ public	 ﾠ is	 ﾠ not	 ﾠ
undercompensated	 ﾠfor	 ﾠenvironmental	 ﾠlosses	 ﾠand	 ﾠthat	 ﾠcompanies	 ﾠare	 ﾠ
not	 ﾠ required	 ﾠ to	 ﾠ provide	 ﾠ gratuitous	 ﾠ restoration.	 ﾠ The	 ﾠc a s e 	 ﾠs t u d y 	 ﾠ
illustrated	 ﾠhow	 ﾠone	 ﾠmight	 ﾠapply	 ﾠthe	 ﾠframework,	 ﾠrather	 ﾠthan	 ﾠargue	 ﾠfor	 ﾠ
any	 ﾠ specific	 ﾠ compensation	 ﾠ actions	 ﾠ at	 ﾠ the	 ﾠ Smøla	 ﾠ wind	 ﾠ farm.	 ﾠ The	 ﾠ
framework	 ﾠrequires	 ﾠsignificant	 ﾠdata	 ﾠcollection	 ﾠboth	 ﾠpre	 ﾠand	 ﾠpost	 ﾠwind	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
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 ﾠBecause	 ﾠStatkraft	 ﾠis	 ﾠ"owned"	 ﾠby	 ﾠthe	 ﾠpublic,	 ﾠits	 ﾠactions	 ﾠmay	 ﾠproxy	 ﾠpublic	 ﾠwillingness	 ﾠ
to	 ﾠpay.	 ﾠ	 ﾠ
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farm	 ﾠconstruction	 ﾠto	 ﾠaccurately	 ﾠquantify	 ﾠdebits	 ﾠand	 ﾠcredit,	 ﾠand	 ﾠhence	 ﾠ
scale	 ﾠ compensation	 ﾠ appropriately.	 ﾠ Finally,	 ﾠ while	 ﾠ the	 ﾠ framework	 ﾠ
focused	 ﾠ on	 ﾠ impacts	 ﾠ to	 ﾠ a	 ﾠ raptor	 ﾠ species	 ﾠ from	 ﾠ turbine	 ﾠ collision,	 ﾠ it	 ﾠ is	 ﾠ
adaptable	 ﾠto	 ﾠother	 ﾠimpacts	 ﾠ(e.g.,	 ﾠnon-ﾭ‐raptor	 ﾠspecies,	 ﾠmarine	 ﾠspecies,	 ﾠ
habitat	 ﾠfragmentation,	 ﾠetc).	 ﾠ	 ﾠ
There	 ﾠ are	 ﾠ two	 ﾠ potential	 ﾠ criticisms	 ﾠ of	 ﾠ this	 ﾠ approach:	 ﾠ the	 ﾠ first	 ﾠ
addresses	 ﾠthe	 ﾠconcept	 ﾠof	 ﾠcompensation	 ﾠwithin	 ﾠthe	 ﾠEIA	 ﾠhierarchy	 ﾠand	 ﾠ
the	 ﾠsecond	 ﾠaddresses	 ﾠthe	 ﾠspecific	 ﾠrestoration	 ﾠproject	 ﾠproposed	 ﾠin	 ﾠthis	 ﾠ
study	 ﾠ(i.e.,	 ﾠelectrocution	 ﾠprevention).	 ﾠI	 ﾠaddress	 ﾠboth	 ﾠof	 ﾠthese	 ﾠbelow.	 ﾠ
The	 ﾠfirst	 ﾠcriticism	 ﾠaddresses	 ﾠthe	 ﾠuse	 ﾠof	 ﾠcompensation	 ﾠas	 ﾠa	 ﾠpolicy	 ﾠ
mechanism.	 ﾠThe	 ﾠlast	 ﾠcomponent	 ﾠof	 ﾠthe	 ﾠ'Avoid-ﾭ‐Mitigate-ﾭ‐Compensate'	 ﾠ
hierarchy	 ﾠis	 ﾠrarely	 ﾠput	 ﾠinto	 ﾠpractice.	 ﾠOne	 ﾠof	 ﾠthe	 ﾠprimary	 ﾠreasons	 ﾠfor	 ﾠ
this	 ﾠ is	 ﾠ the	 ﾠ lack	 ﾠ of	 ﾠ consensus	 ﾠ on	 ﾠ "how	 ﾠ much	 ﾠ is	 ﾠ enough	 ﾠ
avoidance/mitigation"	 ﾠ before	 ﾠ proceeding	 ﾠ with	 ﾠ compensation	 ﾠ [72].	 ﾠ
Indeed,	 ﾠbefore	 ﾠone	 ﾠcan	 ﾠanswer	 ﾠthe	 ﾠquestion	 ﾠposed	 ﾠin	 ﾠthe	 ﾠtitle	 ﾠof	 ﾠthis	 ﾠ
paper,	 ﾠa	 ﾠclear	 ﾠpolicy	 ﾠmust	 ﾠspell	 ﾠout	 ﾠwhen	 ﾠa	 ﾠparticular	 ﾠproject	 ﾠfalls	 ﾠinto	 ﾠ
the	 ﾠ"compensation	 ﾠrealm."	 ﾠImportantly,	 ﾠcompensation	 ﾠshould	 ﾠnever	 ﾠbe	 ﾠ
used	 ﾠto	 ﾠjustify	 ﾠan	 ﾠunwise	 ﾠproject	 ﾠ[71].	 ﾠThe	 ﾠintent	 ﾠof	 ﾠthe	 ﾠhierarchy	 ﾠis	 ﾠto	 ﾠ
avoid	 ﾠconflict	 ﾠareas	 ﾠby	 ﾠhaving	 ﾠa	 ﾠnecessary	 ﾠand	 ﾠcritical	 ﾠdialogue	 ﾠwith	 ﾠ
experts	 ﾠon	 ﾠthe	 ﾠpotential	 ﾠfor	 ﾠconflict	 ﾠin	 ﾠcertain	 ﾠareas.	 ﾠAn	 ﾠexample	 ﾠin	 ﾠ
Sweden	 ﾠwhere	 ﾠcompensation	 ﾠis	 ﾠarguably	 ﾠnot	 ﾠthe	 ﾠbest	 ﾠapproach	 ﾠmay	 ﾠbe	 ﾠ
the	 ﾠproposed	 ﾠwind	 ﾠfarm	 ﾠat	 ﾠForsmark	 ﾠ[67].	 ﾠThe	 ﾠproject	 ﾠproposes	 ﾠ15	 ﾠ
turbines	 ﾠaround	 ﾠa	 ﾠlake	 ﾠ(biotestsjön)	 ﾠthat	 ﾠreceives	 ﾠheavy	 ﾠvisitation	 ﾠfrom	 ﾠ
raptor	 ﾠspecies	 ﾠdue	 ﾠto	 ﾠthe	 ﾠfact	 ﾠthat	 ﾠthe	 ﾠwater	 ﾠremains	 ﾠice-ﾭ‐free	 ﾠfor	 ﾠmuch	 ﾠ
of	 ﾠthe	 ﾠwinter.	 ﾠBirds	 ﾠthat	 ﾠfly	 ﾠfrom,	 ﾠor	 ﾠtoward,	 ﾠthe	 ﾠlake	 ﾠrun	 ﾠthe	 ﾠrisk	 ﾠof	 ﾠ
turbine	 ﾠ collision,	 ﾠ although	 ﾠ a	 ﾠ preliminary	 ﾠ study	 ﾠ concluded	 ﾠ that	 ﾠ such	 ﾠ
risks	 ﾠwere	 ﾠhard	 ﾠto	 ﾠpredict	 ﾠ[68].	 ﾠA	 ﾠdetailed	 ﾠreview	 ﾠof	 ﾠthis	 ﾠparticular	 ﾠ
project	 ﾠis	 ﾠbeyond	 ﾠthe	 ﾠscope	 ﾠof	 ﾠthis	 ﾠstudy,	 ﾠhowever,	 ﾠif	 ﾠsuch	 ﾠimpacts	 ﾠare	 ﾠ
likely	 ﾠ they	 ﾠ should	 ﾠ be	 ﾠ avoided	 ﾠ and/or	 ﾠ mitigated	 ﾠ as	 ﾠ part	 ﾠ of	 ﾠ the	 ﾠ EIA	 ﾠ
process,	 ﾠ rather	 ﾠ than	 ﾠ compensated	 ﾠ for	 ﾠ ex	 ﾠ post	 ﾠ (or	 ﾠ ex	 ﾠ ante).	 ﾠ
Compensation	 ﾠis	 ﾠbest	 ﾠapplied	 ﾠex	 ﾠpost	 ﾠwhen	 ﾠpost-ﾭ‐project	 ﾠmonitoring	 ﾠ
identifies	 ﾠ more	 ﾠ severe	 ﾠ environmental	 ﾠ impacts	 ﾠ than	 ﾠ originally	 ﾠ
anticipated.	 ﾠSuch	 ﾠimpacts	 ﾠare	 ﾠripe	 ﾠfor	 ﾠcompensatory	 ﾠmeasures.	 ﾠ
The	 ﾠ second	 ﾠ criticism	 ﾠ focuses	 ﾠ on	 ﾠ the	 ﾠ selection	 ﾠ of	 ﾠ electrocution	 ﾠ
prevention	 ﾠ(retrofitting)	 ﾠas	 ﾠa	 ﾠrestoration	 ﾠproject	 ﾠin	 ﾠthis	 ﾠcase,	 ﾠand	 ﾠ
the	 ﾠselection	 ﾠof	 ﾠrestoration	 ﾠprojects	 ﾠin	 ﾠgeneral.	 ﾠSelection	 ﾠof	 ﾠa	 ﾠproject	 ﾠ
should	 ﾠ be	 ﾠ based	 ﾠ on	 ﾠ a	 ﾠ list	 ﾠ of	 ﾠ limiting	 ﾠ factors	 ﾠ for	 ﾠ a	 ﾠ population	 ﾠ (or	 ﾠ
habitat),	 ﾠas	 ﾠin	 ﾠTable	 ﾠI-ﾭ‐1	 ﾠ(or	 ﾠsee	 ﾠTable	 ﾠII-ﾭ‐1	 ﾠfrom	 ﾠPaper	 ﾠII).	 ﾠSelection	 ﾠof	 ﾠa	 ﾠ
final	 ﾠrestoration	 ﾠproject	 ﾠshould	 ﾠconsider	 ﾠseveral	 ﾠcriteria	 ﾠincluding	 ﾠcost,	 ﾠ
likelihood	 ﾠ of	 ﾠ success,	 ﾠ time	 ﾠ delay	 ﾠ in	 ﾠ producing	 ﾠ environmental	 ﾠ gains,	 ﾠ	 ﾠ
Paper	 ﾠI	 ﾠ-ﾭ‐	 ﾠ"How	 ﾠmuch	 ﾠis	 ﾠenough?"	 ﾠ
	 ﾠ
	 ﾠ Paper	 ﾠI	 ﾠ-ﾭ‐25	 ﾠ
geographical	 ﾠlinkage	 ﾠbetween	 ﾠdamaged	 ﾠand	 ﾠrepaired	 ﾠresource/service,	 ﾠ
etc.	 ﾠ(see	 ﾠSection	 ﾠ3.1.2	 ﾠin	 ﾠ[7]).	 ﾠ	 ﾠ
This	 ﾠpaper	 ﾠselected	 ﾠpower	 ﾠline	 ﾠretrofitting	 ﾠfor	 ﾠillustration	 ﾠpurposes,	 ﾠ
but	 ﾠalso	 ﾠargued	 ﾠthat	 ﾠit	 ﾠmeets	 ﾠseveral	 ﾠof	 ﾠthe	 ﾠkey	 ﾠcriteria	 ﾠfor	 ﾠselecting	 ﾠa	 ﾠ
restoration	 ﾠ project.	 ﾠ First,	 ﾠ the	 ﾠ opportunities	 ﾠ for	 ﾠ developing	 ﾠ
compensation	 ﾠcredits	 ﾠfrom	 ﾠelectrocution	 ﾠprevention	 ﾠmay	 ﾠbe	 ﾠextensive	 ﾠ
-ﾭ‐-ﾭ‐	 ﾠthe	 ﾠliterature	 ﾠsuggests	 ﾠthat	 ﾠelectrocution	 ﾠmitigation	 ﾠmeasures	 ﾠare	 ﾠ
technically	 ﾠfeasible	 ﾠ-ﾭ‐-ﾭ‐	 ﾠindicating	 ﾠa	 ﾠpotentially	 ﾠcost-ﾭ‐effective	 ﾠmechanism	 ﾠ
for	 ﾠgenerating	 ﾠBYs	 ﾠto	 ﾠoffset	 ﾠwind	 ﾠpower	 ﾠlosses.	 ﾠThough	 ﾠnot	 ﾠestimated	 ﾠ
in	 ﾠ this	 ﾠ paper,	 ﾠ anecdotal	 ﾠ evidence	 ﾠ seems	 ﾠ to	 ﾠ suggest	 ﾠ that	 ﾠ total	 ﾠ losses	 ﾠ
from	 ﾠ raptor	 ﾠ electrocution	 ﾠ worldwide	 ﾠ is	 ﾠ significant	 ﾠ relative	 ﾠ to	 ﾠ wind	 ﾠ
power,24	 ﾠi n d i c a t i n g 	 ﾠa 	 ﾠp o t e n t i a l l y 	 ﾠl a r g e 	 ﾠ' p o o l ' 	 ﾠo f 	 ﾠa v a i l a b l e 	 ﾠB Y 	 ﾠc r e d i t s . 	 ﾠ
Further,	 ﾠ this	 ﾠ would	 ﾠ leverage	 ﾠ the	 ﾠ scientific	 ﾠ advances	 ﾠ in	 ﾠ the	 ﾠ field	 ﾠ of	 ﾠ
electrocution	 ﾠprevention	 ﾠresearch	 ﾠ-ﾭ‐-ﾭ‐	 ﾠan	 ﾠarea	 ﾠin	 ﾠwhich	 ﾠdespite	 ﾠavailable	 ﾠ
technological	 ﾠsolutions,	 ﾠvery	 ﾠlittle	 ﾠprogress	 ﾠhas	 ﾠbeen	 ﾠmade.	 ﾠHowever,	 ﾠ
some	 ﾠ have	 ﾠ questioned	 ﾠ whether	 ﾠ a	 ﾠ "credit"	 ﾠo c c u r s 	 ﾠi f 	 ﾠo n e 	 ﾠf i r m ' s 	 ﾠ
environmental	 ﾠdamage	 ﾠ(e.g.,	 ﾠa	 ﾠutility	 ﾠcausing	 ﾠelectrocution	 ﾠmortality)	 ﾠ
is	 ﾠaddressed	 ﾠby	 ﾠa	 ﾠsecond	 ﾠfirm	 ﾠin	 ﾠorder	 ﾠto	 ﾠcompensate	 ﾠfor	 ﾠthat	 ﾠfirm's	 ﾠ
environmental	 ﾠ damage	 ﾠ (e.g.,	 ﾠ wind	 ﾠ turbine	 ﾠ mortality).25	 ﾠF o r 	 ﾠe x a m p l e 	 ﾠ
some	 ﾠ have	 ﾠ asked	 ﾠ whether	 ﾠ this	 ﾠ project	 ﾠ is	 ﾠ reasonable	 ﾠ given	 ﾠ that	 ﾠ the	 ﾠ
situation	 ﾠcould	 ﾠlogically	 ﾠbe	 ﾠreversed,	 ﾠi.e.,	 ﾠthe	 ﾠutility	 ﾠcould	 ﾠcompensate	 ﾠ
for	 ﾠits	 ﾠelectrocution	 ﾠlosses	 ﾠby	 ﾠaddressing	 ﾠturbine	 ﾠmortality;	 ﾠor,	 ﾠis	 ﾠit	 ﾠfair	 ﾠ
that	 ﾠ the	 ﾠ wind	 ﾠ power	 ﾠ company	 ﾠ pays	 ﾠ for	 ﾠ electrocution	 ﾠ prevention	 ﾠ
measures	 ﾠrather	 ﾠthan	 ﾠthe	 ﾠutility	 ﾠcompany?	 ﾠ
The	 ﾠ first	 ﾠ question	 ﾠ is	 ﾠ valid	 ﾠ in	 ﾠ the	 ﾠ sense	 ﾠ that	 ﾠ credits	 ﾠ should	 ﾠ be	 ﾠ
measured	 ﾠ against	 ﾠ a	 ﾠ baseline	 ﾠ scenario,	 ﾠ i.e.,	 ﾠ the	 ﾠ situation	 ﾠ without	 ﾠt h e 	 ﾠ
restoration	 ﾠproject.	 ﾠIn	 ﾠthis	 ﾠcase	 ﾠit	 ﾠmay	 ﾠappear	 ﾠthat	 ﾠthe	 ﾠutilities	 ﾠare	 ﾠ(or	 ﾠ
should	 ﾠ be)	 ﾠ addressing	 ﾠ the	 ﾠ problem	 ﾠ without	 ﾠ the	 ﾠ wind	 ﾠ power's	 ﾠ
restoration	 ﾠ project.	 ﾠ But	 ﾠ as	 ﾠ noted	 ﾠ above,	 ﾠ this	 ﾠ is	 ﾠ not	 ﾠ the	 ﾠ case.	 ﾠ Utility	 ﾠ
companies	 ﾠdo	 ﾠinvest	 ﾠin	 ﾠsome	 ﾠelectrocution	 ﾠprevention	 ﾠto	 ﾠavoid	 ﾠlosses	 ﾠ
associated	 ﾠ with	 ﾠ costly	 ﾠ power	 ﾠ outages,	 ﾠ but	 ﾠ this	 ﾠ is	 ﾠ not	 ﾠ enough	 ﾠ from	 ﾠ
society's	 ﾠpoint	 ﾠof	 ﾠview.	 ﾠ That	 ﾠ is,	 ﾠ society	 ﾠ appears	 ﾠ to	 ﾠ value	 ﾠ the	 ﾠ loss	 ﾠ of	 ﾠ
these	 ﾠeagles	 ﾠhigher	 ﾠthan	 ﾠthe	 ﾠutility	 ﾠcompanies	 ﾠthemselves	 ﾠ(hence	 ﾠthe	 ﾠ
Bern	 ﾠ Convention),	 ﾠw h o 	 ﾠc o n s i d e r 	 ﾠo n l y 	 ﾠt h e 	 ﾠd i f f e r e n c e 	 ﾠb e t w e e n 	 ﾠt h e 	 ﾠ
"private	 ﾠ costs	 ﾠ and	 ﾠ benefits"	 ﾠ of	 ﾠ doing	 ﾠ something	 ﾠ about	 ﾠ it.	 ﾠ Thus,	 ﾠ
prevention	 ﾠmeasures	 ﾠare	 ﾠonly	 ﾠbeing	 ﾠundertaken	 ﾠto	 ﾠa	 ﾠlimited	 ﾠextent	 ﾠin	 ﾠ
the	 ﾠbaseline,	 ﾠdespite	 ﾠefforts	 ﾠof	 ﾠthe	 ﾠBern	 ﾠConvention	 ﾠ(among	 ﾠothers)	 ﾠto	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
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 ﾠAdmittedly,	 ﾠthis	 ﾠrelationship	 ﾠmay	 ﾠchange	 ﾠas	 ﾠwind	 ﾠpower	 ﾠexpands	 ﾠin	 ﾠthe	 ﾠfuture.	 ﾠ
25	 ﾠ Note	 ﾠ that	 ﾠ this	 ﾠ criticism	 ﾠ is	 ﾠ applicable	 ﾠ to	 ﾠ at	 ﾠ least	 ﾠ one	 ﾠ other	 ﾠ proposed	 ﾠ restoration	 ﾠ
project	 ﾠin	 ﾠTable	 ﾠ1:	 ﾠcollisions	 ﾠcaused	 ﾠby	 ﾠa	 ﾠtrain	 ﾠcompany.	 ﾠ	 ﾠ
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force	 ﾠpower	 ﾠcompanies	 ﾠto	 ﾠinsulate	 ﾠmore	 ﾠpower	 ﾠlines.	 ﾠThus,	 ﾠfrom	 ﾠan	 ﾠ
"additionality"	 ﾠ perspective,	 ﾠ one	 ﾠ could	 ﾠ argue	 ﾠ that	 ﾠ by	 ﾠ awarding	 ﾠ
compensation	 ﾠcredits	 ﾠto	 ﾠwind	 ﾠpower	 ﾠcompanies,	 ﾠsociety	 ﾠwill	 ﾠobtain	 ﾠa	 ﾠ
credit	 ﾠthat	 ﾠwould	 ﾠnot	 ﾠotherwise	 ﾠbe	 ﾠrealized.	 ﾠ
The	 ﾠsecond	 ﾠquestion	 ﾠrelates	 ﾠ to	 ﾠ who	 ﾠ should	 ﾠ pay	 ﾠ for	 ﾠ the	 ﾠ measure,	 ﾠ
with	 ﾠ a	 ﾠ suggestion	 ﾠ that	 ﾠ the	 ﾠ polluter	 ﾠ (the	 ﾠ utility)	 ﾠ pay	 ﾠ for	 ﾠ the	 ﾠ
electrocution	 ﾠprevention	 ﾠmeasures	 ﾠbased	 ﾠon	 ﾠconsideration	 ﾠof	 ﾠfairness	 ﾠ
(the	 ﾠPPP).	 ﾠFor	 ﾠexample,	 ﾠhydropower	 ﾠcompanies	 ﾠcompensate	 ﾠfor	 ﾠlosses	 ﾠ
to	 ﾠanadromous	 ﾠfish	 ﾠand	 ﾠare	 ﾠnot	 ﾠable	 ﾠto	 ﾠpass	 ﾠthis	 ﾠcost	 ﾠon	 ﾠto	 ﾠanother	 ﾠfirm	 ﾠ
seeking	 ﾠcompensation	 ﾠcredits.	 ﾠHowever,	 ﾠa	 ﾠcompanion	 ﾠto	 ﾠthe	 ﾠPPP	 ﾠis	 ﾠthe	 ﾠ
VPP,	 ﾠ the	 ﾠ Victim	 ﾠ Pays	 ﾠ Principle,	 ﾠ which	 ﾠ leads	 ﾠ to	 ﾠ the	 ﾠ same	 ﾠ outcome	 ﾠ
though	 ﾠ a	 ﾠ different	 ﾠ means.	 ﾠ The	 ﾠ VPP	 ﾠ might	 ﾠ be	 ﾠ appropriate	 ﾠ when	 ﾠ the	 ﾠ
polluter	 ﾠis	 ﾠunable	 ﾠ(or	 ﾠunwilling)	 ﾠto	 ﾠprevent	 ﾠpollution,	 ﾠwhile	 ﾠthe	 ﾠvictim	 ﾠ
has	 ﾠ the	 ﾠ ability	 ﾠ and	 ﾠ incentive	 ﾠ to	 ﾠ address	 ﾠ the	 ﾠ problem.	 ﾠ A	 ﾠ common	 ﾠ
example	 ﾠ is	 ﾠ transboundary	 ﾠ pollution,	 ﾠ where	 ﾠ the	 ﾠ victim	 ﾠ may	 ﾠ be	 ﾠ a	 ﾠ
"richer"	 ﾠcountry	 ﾠthat	 ﾠaddresses	 ﾠthe	 ﾠpollution	 ﾠproblem	 ﾠin	 ﾠthe	 ﾠ"poorer"	 ﾠ
country.	 ﾠAn	 ﾠagreement	 ﾠis	 ﾠreached	 ﾠbecause	 ﾠthe	 ﾠoutcome	 ﾠis	 ﾠbeneficial	 ﾠto	 ﾠ
both	 ﾠcountries.	 ﾠThe	 ﾠVPP	 ﾠmay	 ﾠbe	 ﾠapplicable	 ﾠin	 ﾠour	 ﾠcase	 ﾠbecause	 ﾠutility	 ﾠ
companies	 ﾠmay	 ﾠnot	 ﾠhave	 ﾠthe	 ﾠresources	 ﾠto	 ﾠaddress	 ﾠthe	 ﾠmagnitude	 ﾠof	 ﾠthe	 ﾠ
electrocution	 ﾠ problem,	 ﾠ but	 ﾠ the	 ﾠ victim	 ﾠ( i n 	 ﾠt h i s 	 ﾠc a s e 	 ﾠ"society"	 ﾠ
represented	 ﾠ by	 ﾠ a	 ﾠ wind	 ﾠ power	 ﾠ company)	 ﾠ would	 ﾠ benefit	 ﾠ from	 ﾠ an	 ﾠ
agreement	 ﾠ that	 ﾠ would	 ﾠ protect	 ﾠa d d i t i o n a l 	 ﾠe a g l e s . 	 ﾠO f 	 ﾠc o u r s e , 	 ﾠs u c h 	 ﾠa n 	 ﾠ
agreement	 ﾠfaces	 ﾠan	 ﾠ"incentive	 ﾠcompatibility"	 ﾠproblem	 ﾠin	 ﾠthe	 ﾠsense	 ﾠthat	 ﾠ
the	 ﾠutility	 ﾠcompany	 ﾠdoes	 ﾠnot	 ﾠhave	 ﾠan	 ﾠincentive	 ﾠto	 ﾠtruthfully	 ﾠreveal	 ﾠits	 ﾠ
ability	 ﾠto	 ﾠpay,	 ﾠwhich	 ﾠmay	 ﾠlead	 ﾠto	 ﾠinefficient	 ﾠoutcomes	 ﾠ(i.e.,	 ﾠsociety	 ﾠ-ﾭ‐-ﾭ‐	 ﾠthe	 ﾠ
victim	 ﾠ -ﾭ‐-ﾭ‐	 ﾠm a y 	 ﾠr e c e i v e 	 ﾠl e s s 	 ﾠt h a n 	 ﾠt h e 	 ﾠo p t i m a l 	 ﾠa m o u n t 	 ﾠo f 	 ﾠs e a 	 ﾠe a g l e 	 ﾠ
protection).	 ﾠ	 ﾠ
In	 ﾠ short,	 ﾠ I	 ﾠ argue	 ﾠ that	 ﾠ electrocution	 ﾠ prevention	 ﾠ measures	 ﾠ can	 ﾠ
produce	 ﾠ cost-ﾭ‐effective	 ﾠ and	 ﾠ off-ﾭ‐setting	 ﾠ environmental	 ﾠ gains,	 ﾠ despite	 ﾠ
some	 ﾠ valid	 ﾠ criticism	 ﾠ of	 ﾠ the	 ﾠ implicit	 ﾠ assumptions	 ﾠ behind	 ﾠ it.	 ﾠ The	 ﾠ
alternative	 ﾠ is	 ﾠ to	 ﾠ consider	 ﾠ whether	 ﾠ BYs	 ﾠ could	 ﾠ be	 ﾠ cost-ﾭ‐effectively	 ﾠ
produced	 ﾠ -ﾭ‐-ﾭ‐	 ﾠw i t h 	 ﾠa 	 ﾠr e l a t i v e l y 	 ﾠh i g h 	 ﾠp r o b a b i l i t y 	 ﾠo f 	 ﾠs u c c e s s 	 ﾠa nd	 ﾠ with	 ﾠ
minimal	 ﾠtime	 ﾠdelay	 ﾠ-ﾭ‐-ﾭ‐	 ﾠthrough	 ﾠanother	 ﾠrestoration	 ﾠproject	 ﾠ(identified	 ﾠ
from	 ﾠTable	 ﾠI-ﾭ‐1,	 ﾠTable	 ﾠII-ﾭ‐1	 ﾠor	 ﾠelsewhere).	 ﾠ
Further,	 ﾠ it	 ﾠ is	 ﾠ important	 ﾠ to	 ﾠ note	 ﾠ some	 ﾠ general	 ﾠ limitations	 ﾠ of	 ﾠ
compensatory	 ﾠ restoration	 ﾠ scaled	 ﾠ using	 ﾠ equivalency	 ﾠ analysis.	 ﾠ For	 ﾠ
example,	 ﾠ even	 ﾠ if	 ﾠ compensation	 ﾠ is	 ﾠ a	 ﾠ reasonable	 ﾠ policy	 ﾠ for	 ﾠ a	 ﾠ given	 ﾠ
project,	 ﾠ there	 ﾠ may	 ﾠ be	 ﾠ technical	 ﾠ limits	 ﾠ to	 ﾠ the	 ﾠ capacity	 ﾠ of	 ﾠ restoration	 ﾠ
ecology	 ﾠto	 ﾠrestore	 ﾠand/or	 ﾠrehabilitate	 ﾠoriginal	 ﾠecological	 ﾠsystems.	 ﾠIn	 ﾠ
other	 ﾠcases,	 ﾠthe	 ﾠsuccess	 ﾠof	 ﾠcompensatory	 ﾠrestoration	 ﾠmay	 ﾠbe	 ﾠlimited	 ﾠby	 ﾠ	 ﾠ
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economics,	 ﾠi.e.,	 ﾠthe	 ﾠcost	 ﾠof	 ﾠcompensation	 ﾠfor	 ﾠcertain	 ﾠhabitats	 ﾠor	 ﾠspecies	 ﾠ
may	 ﾠ be	 ﾠ prohibitively	 ﾠ expensive.	 ﾠF i n a l l y , 	 ﾠe v e n 	 ﾠw h e n 	 ﾠr e s t o r a t i o n 	 ﾠa t 	 ﾠa 	 ﾠ
particular	 ﾠsite	 ﾠcan	 ﾠefficiently	 ﾠ"create	 ﾠmore	 ﾠbirds"	 ﾠto	 ﾠcompensate	 ﾠfor	 ﾠ
those	 ﾠ lost,	 ﾠ such	 ﾠ approaches	 ﾠ should	 ﾠn o t 	 ﾠb e 	 ﾠi n d e p e n d e n t l y 	 ﾠa p p l i e d 	 ﾠa t 	 ﾠ
repeated	 ﾠ wind	 ﾠ power	 ﾠ sites	 ﾠ because	 ﾠ it	 ﾠ may	 ﾠ preclude	 ﾠ a	 ﾠ full	 ﾠ
understanding	 ﾠof	 ﾠthe	 ﾠcumulative	 ﾠimpacts	 ﾠof	 ﾠhuman-ﾭ‐caused	 ﾠmortality	 ﾠ
on	 ﾠbirds.	 ﾠProviding	 ﾠsufficient	 ﾠ"credit"	 ﾠthrough	 ﾠindependent	 ﾠrestoration	 ﾠ
projects	 ﾠfor	 ﾠmultiple	 ﾠwind	 ﾠdevelopments	 ﾠwill	 ﾠnot	 ﾠonly	 ﾠbe	 ﾠtechnically	 ﾠ
and/or	 ﾠeconomically	 ﾠdifficult	 ﾠbut	 ﾠmay,	 ﾠin	 ﾠfact,	 ﾠbe	 ﾠpoor	 ﾠenvironmental	 ﾠ
policy.	 ﾠ From	 ﾠ a	 ﾠ societal	 ﾠ point	 ﾠ of	 ﾠ view	 ﾠ it	 ﾠ may	 ﾠ be	 ﾠ optimal	 ﾠ to	 ﾠ pursue	 ﾠ
alternative	 ﾠpolicies	 ﾠ(i.e.,	 ﾠdo	 ﾠnot	 ﾠbuild	 ﾠthe	 ﾠwind	 ﾠfarm,	 ﾠbuild	 ﾠit	 ﾠelsewhere,	 ﾠ
etc).	 ﾠThese	 ﾠtypes	 ﾠof	 ﾠdecisions	 ﾠshould	 ﾠbe	 ﾠmade	 ﾠwithin	 ﾠa	 ﾠcomprehensive	 ﾠ
and	 ﾠregional	 ﾠwind	 ﾠpower	 ﾠplanning	 ﾠprocess	 ﾠrather	 ﾠan	 ﾠindividual	 ﾠEIA.	 ﾠ
Finally,	 ﾠ a	 ﾠ key	 ﾠ assumption	 ﾠ in	 ﾠ this	 ﾠ study	 ﾠ is	 ﾠ that	 ﾠ the	 ﾠ sea	 ﾠ eagle	 ﾠ
population	 ﾠ acts	 ﾠ as	 ﾠ a	 ﾠ proxy	 ﾠ for	 ﾠ the	 ﾠ level	 ﾠ of	 ﾠ environmental	 ﾠ damage	 ﾠ
occurring	 ﾠat	 ﾠthe	 ﾠSmøla	 ﾠwind	 ﾠfarm.	 ﾠThere	 ﾠis	 ﾠgood	 ﾠreason	 ﾠto	 ﾠbelieve	 ﾠthe	 ﾠ
sea	 ﾠeagle	 ﾠis	 ﾠa	 ﾠgood	 ﾠindicator	 ﾠspecies	 ﾠfor	 ﾠmeasuring	 ﾠecosystem	 ﾠquality	 ﾠ
[49].	 ﾠHowever,	 ﾠenvironmental	 ﾠdamage	 ﾠother	 ﾠthan	 ﾠsea	 ﾠeagle	 ﾠcollisions	 ﾠ
are	 ﾠlikely	 ﾠto	 ﾠhave	 ﾠoccurred	 ﾠdue	 ﾠto	 ﾠthe	 ﾠwind	 ﾠfarm	 ﾠbut	 ﾠare	 ﾠnot	 ﾠcaptured	 ﾠ
in	 ﾠthis	 ﾠanalysis.	 ﾠThis	 ﾠmay	 ﾠnot	 ﾠbe	 ﾠa	 ﾠsignificant	 ﾠproblem	 ﾠbecause	 ﾠthe	 ﾠsea	 ﾠ
eagle	 ﾠ proxy	 ﾠ for	 ﾠ environmental	 ﾠ quality	 ﾠ implies	 ﾠ that	 ﾠ measuring	 ﾠ its	 ﾠ
decline	 ﾠ and	 ﾠ its	 ﾠ gain	 ﾠ through	 ﾠ restoration	 ﾠ will	 ﾠ ensure	 ﾠ reasonable	 ﾠ
compensation	 ﾠ to	 ﾠ the	 ﾠ public	 ﾠ for	 ﾠ resource	 ﾠ injury.	 ﾠ As	 ﾠ stated	 ﾠ in	 ﾠ the	 ﾠ
REMEDE	 ﾠ Toolkit:	 ﾠ "If	 ﾠ all	 ﾠ the	 ﾠ damage	 ﾠ done	 ﾠ is	 ﾠ quantified	 ﾠ and	 ﾠ added	 ﾠ
independently,	 ﾠthe	 ﾠamount	 ﾠof	 ﾠ[restoration]	 ﾠindicated	 ﾠmight	 ﾠoverstate	 ﾠ
the	 ﾠ true	 ﾠ amount	 ﾠ needed,	 ﾠ since	 ﾠ a	 ﾠ single	 ﾠ [restoration]	 ﾠ project	 ﾠ might	 ﾠ
address	 ﾠmultiple	 ﾠresource	 ﾠdamages"	 ﾠ(see	 ﾠ[7]	 ﾠPart	 ﾠII,	 ﾠSection	 ﾠ2.1.4).	 ﾠ	 ﾠ	 ﾠ
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Appendix	 ﾠB	 ﾠ
Calculation	 ﾠof	 ﾠaverage	 ﾠage	 ﾠof	 ﾠthe	 ﾠsea	 ﾠeagle	 ﾠpopulation	 ﾠat	 ﾠSmøla	 ﾠ
(used	 ﾠin	 ﾠdebit	 ﾠcalculation	 ﾠand	 ﾠcredit	 ﾠcalculations)	 ﾠ
(determines	 ﾠthe	 ﾠstarting	 ﾠage	 ﾠfor	 ﾠdebit	 ﾠand	 ﾠcredit	 ﾠcalculations	 ﾠ-ﾭ-ﾭ	 ﾠsee	 ﾠ
"Age"	 ﾠcolumn	 ﾠin	 ﾠboth	 ﾠAppendix	 ﾠC	 ﾠand	 ﾠE)	 ﾠ
Appendix	 ﾠC	 ﾠ
Calculation	 ﾠof	 ﾠdiscounted	 ﾠlife	 ﾠexpectancy	 ﾠof	 ﾠan	 ﾠaverage-ﾭaged	 ﾠbird	 ﾠ	 ﾠ
(used	 ﾠin	 ﾠTables	 ﾠI-ﾭ3	 ﾠand	 ﾠI-ﾭ4	 ﾠto	 ﾠestimate	 ﾠdebit	 ﾠand	 ﾠcredit)	 ﾠ
Appendix	 ﾠD	 ﾠ
Calculation	 ﾠof	 ﾠdiscounted	 ﾠlife	 ﾠexpectancy	 ﾠat	 ﾠbirth	 ﾠ	 ﾠ
(Used	 ﾠas	 ﾠinput	 ﾠto	 ﾠcalculation	 ﾠof	 ﾠ"production	 ﾠpotential	 ﾠper	 ﾠaverage-ﾭ
aged	 ﾠsea	 ﾠeagle"	 ﾠ-ﾭ-ﾭ	 ﾠsee	 ﾠColumn	 ﾠE	 ﾠof	 ﾠAppendix	 ﾠE)	 ﾠ
Appendix	 ﾠE	 ﾠ
Calculation	 ﾠof	 ﾠproduction	 ﾠper	 ﾠaverage-ﾭaged	 ﾠsea	 ﾠeagle	 ﾠ
(used	 ﾠin	 ﾠTable	 ﾠI-ﾭ3	 ﾠColumn	 ﾠF	 ﾠand	 ﾠTable	 ﾠI-ﾭ4	 ﾠColumn	 ﾠF)	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Appendix	 ﾠA:	 ﾠOverview	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Appendix	 ﾠB:	 ﾠAverage	 ﾠage	 ﾠof	 ﾠthe	 ﾠsea	 ﾠeagle	 ﾠpopulation	 ﾠat	 ﾠSmøla	 ﾠ(determines	 ﾠstarting	 ﾠage	 ﾠfor	 ﾠdebit	 ﾠand	 ﾠ
credit	 ﾠcalculations	 ﾠ-ﾭ-ﾭ	 ﾠcolumn	 ﾠB	 ﾠin	 ﾠApp	 ﾠC	 ﾠ&	 ﾠE)	 ﾠ
Age	 ﾠ
Annual	 ﾠSurvival	 ﾠ
Rate	 ﾠ
Probability	 ﾠof	 ﾠ
surviving	 ﾠto	 ﾠa	 ﾠgiven	 ﾠ
age	 ﾠ
Probability	 ﾠthat	 ﾠ
randomly	 ﾠchosen	 ﾠ
bird	 ﾠis	 ﾠthis	 ﾠage	 ﾠ
Average	 ﾠAge	 ﾠ
(weighted	 ﾠby	 ﾠ
probability)	 ﾠ
A	 ﾠ B	 ﾠ C	 ﾠ D	 ﾠ E	 ﾠ
	 ﾠ (Table	 ﾠI-ﾭ‐	 ﾠ2)	 ﾠ C=Cage-ﾭ‐1*	 ﾠBage	 ﾠ D=C/(Sum	 ﾠof	 ﾠC)	 ﾠ E=A*D	 ﾠ
1	 ﾠ 0.8200	 ﾠ 0.8200	 ﾠ 0.0665	 ﾠ 0.0665	 ﾠ
2	 ﾠ 0.8200	 ﾠ 0.6724	 ﾠ 0.0545	 ﾠ 0.1090	 ﾠ
3	 ﾠ 0.8600	 ﾠ 0.5783	 ﾠ 0.0469	 ﾠ 0.1406	 ﾠ
4	 ﾠ 0.9500	 ﾠ 0.5494	 ﾠ 0.0445	 ﾠ 0.1781	 ﾠ
5	 ﾠ 0.9700	 ﾠ 0.5329	 ﾠ 0.0432	 ﾠ 0.2160	 ﾠ
6	 ﾠ 0.9700	 ﾠ 0.5169	 ﾠ 0.0419	 ﾠ 0.2514	 ﾠ
7	 ﾠ 0.9700	 ﾠ 0.5014	 ﾠ 0.0406	 ﾠ 0.2845	 ﾠ
8	 ﾠ 0.9700	 ﾠ 0.4863	 ﾠ 0.0394	 ﾠ 0.3154	 ﾠ
9	 ﾠ 0.9700	 ﾠ 0.4717	 ﾠ 0.0382	 ﾠ 0.3442	 ﾠ
10	 ﾠ 0.9700	 ﾠ 0.4576	 ﾠ 0.0371	 ﾠ 0.3709	 ﾠ
11	 ﾠ 0.9700	 ﾠ 0.4439	 ﾠ 0.0360	 ﾠ 0.3958	 ﾠ
12	 ﾠ 0.9700	 ﾠ 0.4306	 ﾠ 0.0349	 ﾠ 0.4188	 ﾠ
13	 ﾠ 0.9700	 ﾠ 0.4176	 ﾠ 0.0339	 ﾠ 0.4401	 ﾠ
14	 ﾠ 0.9700	 ﾠ 0.4051	 ﾠ 0.0328	 ﾠ 0.4597	 ﾠ
15	 ﾠ 0.9700	 ﾠ 0.3930	 ﾠ 0.0319	 ﾠ 0.4778	 ﾠ
16	 ﾠ 0.9700	 ﾠ 0.3812	 ﾠ 0.0309	 ﾠ 0.4943	 ﾠ
17	 ﾠ 0.9700	 ﾠ 0.3697	 ﾠ 0.0300	 ﾠ 0.5095	 ﾠ
18	 ﾠ 0.9700	 ﾠ 0.3586	 ﾠ 0.0291	 ﾠ 0.5233	 ﾠ
19	 ﾠ 0.9700	 ﾠ 0.3479	 ﾠ 0.0282	 ﾠ 0.5358	 ﾠ
20	 ﾠ 0.9700	 ﾠ 0.3374	 ﾠ 0.0274	 ﾠ 0.5471	 ﾠ
21	 ﾠ 0.9700	 ﾠ 0.3273	 ﾠ 0.0265	 ﾠ 0.5572	 ﾠ
22	 ﾠ 0.9700	 ﾠ 0.3175	 ﾠ 0.0257	 ﾠ 0.5662	 ﾠ
23	 ﾠ 0.9700	 ﾠ 0.3080	 ﾠ 0.0250	 ﾠ 0.5742	 ﾠ
24	 ﾠ 0.9700	 ﾠ 0.2987	 ﾠ 0.0242	 ﾠ 0.5812	 ﾠ
25	 ﾠ 0.9700	 ﾠ 0.2898	 ﾠ 0.0235	 ﾠ 0.5872	 ﾠ
26	 ﾠ 0.9700	 ﾠ 0.2811	 ﾠ 0.0228	 ﾠ 0.5924	 ﾠ
27	 ﾠ 0.9700	 ﾠ 0.2726	 ﾠ 0.0221	 ﾠ 0.5967	 ﾠ
28	 ﾠ 0.9700	 ﾠ 0.2645	 ﾠ 0.0214	 ﾠ 0.6003	 ﾠ
29	 ﾠ 0.9700	 ﾠ 0.2565	 ﾠ 0.0208	 ﾠ 0.6030	 ﾠ	 ﾠ
Paper	 ﾠI	 ﾠ-ﾭ‐	 ﾠ"How	 ﾠmuch	 ﾠis	 ﾠenough?"	 ﾠ
	 ﾠ
	 ﾠ Paper	 ﾠI	 ﾠ-ﾭ‐39	 ﾠ
30	 ﾠ 0.9700	 ﾠ 0.2488	 ﾠ 0.0202	 ﾠ 0.6051	 ﾠ
	 ﾠ 	 ﾠ 12.34	 ﾠ 1.00	 ﾠ 12.94	 ﾠ
	 ﾠ
Example	 ﾠcalculation	 ﾠ-ﾭ	 ﾠAppendix	 ﾠB:	 ﾠColumn	 ﾠA	 ﾠindicates	 ﾠthe	 ﾠlife	 ﾠexpectancy	 ﾠof	 ﾠ
a	 ﾠsea	 ﾠeagle	 ﾠ(30	 ﾠyears)	 ﾠand	 ﾠColumn	 ﾠB	 ﾠindicates	 ﾠthe	 ﾠestimated	 ﾠannual	 ﾠsurvival	 ﾠ
rate	 ﾠat	 ﾠeach	 ﾠage	 ﾠ(see	 ﾠTable	 ﾠI-ﾭ‐2	 ﾠin	 ﾠthis	 ﾠpaper).	 ﾠColumn	 ﾠC	 ﾠestimates	 ﾠthe	 ﾠ
probability	 ﾠof	 ﾠa	 ﾠbird	 ﾠsurviving	 ﾠto	 ﾠa	 ﾠgiven	 ﾠage.	 ﾠFor	 ﾠexample,	 ﾠfor	 ﾠa	 ﾠbird	 ﾠof	 ﾠage	 ﾠ3	 ﾠ
this	 ﾠis	 ﾠthe	 ﾠprobability	 ﾠof	 ﾠsurviving	 ﾠto	 ﾠthe	 ﾠprevious	 ﾠage,	 ﾠage=2,	 ﾠwhich	 ﾠis	 ﾠ0.6724	 ﾠ
times	 ﾠthe	 ﾠprobability	 ﾠof	 ﾠsurviving	 ﾠto	 ﾠthe	 ﾠnext	 ﾠyear,	 ﾠage=3,	 ﾠwhich	 ﾠis	 ﾠ.8600.	 ﾠThis	 ﾠ
product	 ﾠis	 ﾠequal	 ﾠto	 ﾠ.5783	 ﾠas	 ﾠshown	 ﾠ(note	 ﾠthat	 ﾠthe	 ﾠprobability	 ﾠof	 ﾠsurviving	 ﾠto	 ﾠ
age	 ﾠ1	 ﾠis	 ﾠsimply	 ﾠthe	 ﾠannual	 ﾠsurvival	 ﾠrate	 ﾠfor	 ﾠa	 ﾠone-ﾭ‐year	 ﾠold,	 ﾠwhich	 ﾠis	 ﾠ.8200).	 ﾠThe	 ﾠ
probability	 ﾠthat	 ﾠa	 ﾠrandomly	 ﾠchosen	 ﾠbird	 ﾠis	 ﾠof	 ﾠa	 ﾠgiven	 ﾠage	 ﾠ(Column	 ﾠD)	 ﾠis	 ﾠsimply	 ﾠ
the	 ﾠprobability	 ﾠof	 ﾠa	 ﾠbird	 ﾠsurviving	 ﾠto	 ﾠthat	 ﾠage	 ﾠ(.5783	 ﾠin	 ﾠour	 ﾠexample	 ﾠwhere	 ﾠ
age=3)	 ﾠdivided	 ﾠby	 ﾠthe	 ﾠsum	 ﾠof	 ﾠthe	 ﾠprobabilities	 ﾠof	 ﾠsurviving	 ﾠto	 ﾠa	 ﾠgiven	 ﾠage	 ﾠ
(12.34).	 ﾠThis	 ﾠis	 ﾠ.0469	 ﾠas	 ﾠshown.	 ﾠTo	 ﾠdetermine	 ﾠthe	 ﾠaverage	 ﾠage	 ﾠof	 ﾠthe	 ﾠsea	 ﾠeagle	 ﾠ
population	 ﾠwe	 ﾠdetermine	 ﾠthe	 ﾠaverage	 ﾠage	 ﾠof	 ﾠa	 ﾠbird	 ﾠat	 ﾠeach	 ﾠage	 ﾠclass	 ﾠ-ﾭ‐-ﾭ‐	 ﾠ
weighted	 ﾠby	 ﾠits	 ﾠprobability	 ﾠof	 ﾠreaching	 ﾠthat	 ﾠage	 ﾠ(Column	 ﾠE)	 ﾠ-ﾭ‐-ﾭ‐	 ﾠand	 ﾠthen	 ﾠsum	 ﾠ
across	 ﾠa	 ﾠfull	 ﾠlife	 ﾠspan	 ﾠof	 ﾠ30	 ﾠyears.	 ﾠThis	 ﾠgives	 ﾠ12.94.	 ﾠIn	 ﾠthe	 ﾠcalculations	 ﾠthat	 ﾠ
follow	 ﾠwe	 ﾠround	 ﾠthis	 ﾠto	 ﾠ13	 ﾠyears	 ﾠof	 ﾠage.	 ﾠ!
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14	 ﾠ 27	 ﾠ 0.9700	 ﾠ 0.6528	 ﾠ 0.6528	 ﾠ 0.0101	 ﾠ 0.6611	 ﾠ 0.4383	 ﾠ
15	 ﾠ 28	 ﾠ 0.9700	 ﾠ 0.6333	 ﾠ 0.6333	 ﾠ 0.0098	 ﾠ 0.6419	 ﾠ 0.4127	 ﾠ
16	 ﾠ 29	 ﾠ 0.9700	 ﾠ 0.6143	 ﾠ 0.6143	 ﾠ 0.0095	 ﾠ 0.6232	 ﾠ 0.3887	 ﾠ
17	 ﾠ 30	 ﾠ 0.9700	 ﾠ 0.5958	 ﾠ 0.5958	 ﾠ 0.0092	 ﾠ 0.6050	 ﾠ 0.3661	 ﾠ
Discounted	 ﾠlife	 ﾠexpectancy	 ﾠof	 ﾠan	 ﾠaverage-ﾭ‐aged	 ﾠbird	 ﾠ(Discounted	 ﾠBirds	 ﾠYears,	 ﾠDBYs)	 ﾠ 10.50	 ﾠ
a	 ﾠEvent	 ﾠis	 ﾠdefined	 ﾠas	 ﾠeither	 ﾠthe	 ﾠcollision	 ﾠ(debit	 ﾠas	 ﾠin	 ﾠTable	 ﾠI-ﾭ‐3)	 ﾠor	 ﾠbeing	 ﾠ'saved'	 ﾠfrom	 ﾠelectrocution	 ﾠ(credit	 ﾠas	 ﾠin	 ﾠTable	 ﾠI-ﾭ‐4).	 ﾠ
That	 ﾠis,	 ﾠwe	 ﾠassume	 ﾠcollided	 ﾠbirds	 ﾠand	 ﾠbirds	 ﾠavoiding	 ﾠelectrocution	 ﾠare	 ﾠof	 ﾠan	 ﾠaverage	 ﾠage.	 ﾠ
b	 ﾠWe	 ﾠassume	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠnominal	 ﾠBYs	 ﾠcontributed	 ﾠby	 ﾠan	 ﾠindividual	 ﾠis	 ﾠ1	 ﾠBY	 ﾠfor	 ﾠthose	 ﾠsurviving	 ﾠthrough	 ﾠa	 ﾠgiven	 ﾠyear	 ﾠand	 ﾠ
1/2	 ﾠBY	 ﾠfor	 ﾠthose	 ﾠdying	 ﾠin	 ﾠa	 ﾠgiven	 ﾠyear.	 ﾠ
c	 ﾠDiscounted	 ﾠto	 ﾠyear	 ﾠof	 ﾠevent	 ﾠ(collision	 ﾠor	 ﾠbeing	 ﾠ"saved"	 ﾠfrom	 ﾠelectrocution,	 ﾠi.e.,	 ﾠColumn	 ﾠA	 ﾠ=0).	 ﾠTotal	 ﾠimpacts	 ﾠin	 ﾠTables	 ﾠI-ﾭ‐3	 ﾠ
and	 ﾠI-ﾭ‐4	 ﾠare	 ﾠthen	 ﾠdiscounted	 ﾠback	 ﾠto	 ﾠthe	 ﾠbase	 ﾠyear	 ﾠof	 ﾠthe	 ﾠanalysis	 ﾠ(2009).	 ﾠThe	 ﾠformula	 ﾠfor	 ﾠdiscounting	 ﾠis	 ﾠ1/[(1+r)current	 ﾠyr	 ﾠ-ﾭ‐	 ﾠbase	 ﾠ
year],	 ﾠwhere	 ﾠwe	 ﾠassume	 ﾠr	 ﾠequals	 ﾠthree	 ﾠpercent	 ﾠ
d	 ﾠAssumes	 ﾠaverage	 ﾠage	 ﾠbird	 ﾠof	 ﾠ12.9	 ﾠyears	 ﾠis	 ﾠrounded	 ﾠto	 ﾠ13.	 ﾠProbability	 ﾠof	 ﾠsurviving	 ﾠto	 ﾠ13	 ﾠis	 ﾠ1.0	 ﾠ
	 ﾠ
Example	 ﾠcalculation	 ﾠ-ﾭ	 ﾠAppendix	 ﾠC:	 ﾠThe	 ﾠgoal	 ﾠis	 ﾠto	 ﾠestimate	 ﾠthe	 ﾠtotal	 ﾠBYs	 ﾠcontributed	 ﾠby	 ﾠthe	 ﾠaverage-ﾭ‐aged	 ﾠbird	 ﾠthat	 ﾠcollides	 ﾠwith	 ﾠa	 ﾠturbine	 ﾠor	 ﾠis	 ﾠ
saved	 ﾠfrom	 ﾠelectrocution.	 ﾠThus,	 ﾠthe	 ﾠcalculation	 ﾠcovers	 ﾠthe	 ﾠperiod	 ﾠfrom	 ﾠage	 ﾠ13	 ﾠto	 ﾠmaximum	 ﾠage	 ﾠ30.	 ﾠ	 ﾠColumn	 ﾠC	 ﾠis	 ﾠthe	 ﾠannual	 ﾠsurvival	 ﾠrate	 ﾠas	 ﾠ
given	 ﾠin	 ﾠTable	 ﾠI-ﾭ‐2	 ﾠin	 ﾠthe	 ﾠreport.	 ﾠColumn	 ﾠD	 ﾠestimates	 ﾠthe	 ﾠprobability	 ﾠof	 ﾠsurviving	 ﾠto	 ﾠa	 ﾠgiven	 ﾠage	 ﾠ(see	 ﾠidentical	 ﾠcalculation	 ﾠexample	 ﾠin	 ﾠColumn	 ﾠC,	 ﾠ
Appendix	 ﾠB	 ﾠabove).	 ﾠColumns	 ﾠE	 ﾠand	 ﾠF	 ﾠestimate	 ﾠthe	 ﾠactual	 ﾠBYs	 ﾠcontributed	 ﾠby	 ﾠa	 ﾠbird	 ﾠthat	 ﾠsurvives	 ﾠto,	 ﾠor	 ﾠdies	 ﾠin,	 ﾠa	 ﾠgiven	 ﾠyear	 ﾠand	 ﾠis	 ﾠbased	 ﾠon	 ﾠthe	 ﾠ
assumption	 ﾠin	 ﾠfootnote	 ﾠb.	 ﾠThus,	 ﾠthe	 ﾠBYs	 ﾠin	 ﾠColumn	 ﾠE	 ﾠfor	 ﾠa	 ﾠ16	 ﾠyear	 ﾠold	 ﾠbird	 ﾠare	 ﾠequal	 ﾠto	 ﾠthe	 ﾠprobability	 ﾠof	 ﾠsurviving	 ﾠto	 ﾠthat	 ﾠyear	 ﾠ(.9127)	 ﾠtimes	 ﾠ
one,	 ﾠwhich	 ﾠequals	 ﾠ.9127.	 ﾠThe	 ﾠBYs	 ﾠfor	 ﾠa	 ﾠ16	 ﾠyear	 ﾠold	 ﾠbird	 ﾠin	 ﾠColumn	 ﾠF	 ﾠare	 ﾠequal	 ﾠto	 ﾠthe	 ﾠprobability	 ﾠof	 ﾠsurviving	 ﾠto	 ﾠthe	 ﾠprevious	 ﾠyear	 ﾠ(.9409)	 ﾠtimes	 ﾠ
the	 ﾠprobability	 ﾠof	 ﾠdying	 ﾠin	 ﾠthe	 ﾠsubsequent	 ﾠyear	 ﾠ(1-ﾭ‐.9700)	 ﾠtimes	 ﾠ1/2,	 ﾠwhich	 ﾠis	 ﾠequal	 ﾠto	 ﾠ.0141.	 ﾠColumn	 ﾠG	 ﾠis	 ﾠthe	 ﾠdiscount	 ﾠfactor	 ﾠthat	 ﾠis	 ﾠapplied	 ﾠto	 ﾠ
the	 ﾠ'nominal	 ﾠvalue'	 ﾠof	 ﾠBYs	 ﾠin	 ﾠColumns	 ﾠE	 ﾠand	 ﾠF	 ﾠto	 ﾠreflect	 ﾠsociety's	 ﾠpositive	 ﾠtime	 ﾠpreference.	 ﾠThe	 ﾠdiscount	 ﾠfactor	 ﾠis	 ﾠbased	 ﾠon	 ﾠthe	 ﾠformula	 ﾠin	 ﾠthe	 ﾠ
table	 ﾠfootnote	 ﾠabove	 ﾠand	 ﾠassumes	 ﾠa	 ﾠdiscount	 ﾠrate	 ﾠr=3%.	 ﾠFor	 ﾠexample,	 ﾠthe	 ﾠdiscount	 ﾠfactor	 ﾠfor	 ﾠ1	 ﾠyear	 ﾠafter	 ﾠthe	 ﾠevent	 ﾠis	 ﾠequal	 ﾠto	 ﾠ1/[(1+.04)^(1-ﾭ‐0)]	 ﾠ
=	 ﾠ.9709.	 ﾠThe	 ﾠfinal	 ﾠstep	 ﾠin	 ﾠColumn	 ﾠH	 ﾠis	 ﾠto	 ﾠsum	 ﾠthe	 ﾠBYs	 ﾠcontributed	 ﾠby	 ﾠa	 ﾠbird	 ﾠthat	 ﾠsurvives	 ﾠto	 ﾠ(column	 ﾠE),	 ﾠor	 ﾠdies	 ﾠin	 ﾠ(column	 ﾠF)	 ﾠa	 ﾠgiven	 ﾠyear,	 ﾠand	 ﾠ
multiply	 ﾠthem	 ﾠby	 ﾠthe	 ﾠdiscount	 ﾠfactor	 ﾠ(column	 ﾠG).	 ﾠ	 ﾠThen	 ﾠwe	 ﾠsum	 ﾠthis	 ﾠvalue	 ﾠin	 ﾠColumn	 ﾠH	 ﾠto	 ﾠget	 ﾠthe	 ﾠtotal	 ﾠcontribution	 ﾠover	 ﾠthe	 ﾠlifetime	 ﾠof	 ﾠan	 ﾠ
average	 ﾠbird,	 ﾠwhich	 ﾠis	 ﾠ10.5	 ﾠDiscounted	 ﾠBird	 ﾠYears.	 ﾠ	 ﾠ
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Appendix	 ﾠD:	 ﾠDiscounted	 ﾠlife	 ﾠexpectancy	 ﾠat	 ﾠbirth	 ﾠ(Used	 ﾠas	 ﾠinput	 ﾠto	 ﾠcalculation	 ﾠof	 ﾠ"production	 ﾠpotential	 ﾠper	 ﾠaverage-ﾭaged	 ﾠsea	 ﾠ
eagle"	 ﾠ-ﾭ-ﾭ	 ﾠsee	 ﾠColumn	 ﾠE	 ﾠof	 ﾠAppendix	 ﾠE)	 ﾠ
Year	 ﾠ
after	 ﾠ
birth	 ﾠ
Age	 ﾠ
Annual	 ﾠ
Survival	 ﾠ
Rate	 ﾠ
Probability	 ﾠof	 ﾠ
surviving	 ﾠto	 ﾠa	 ﾠ
given	 ﾠage	 ﾠ
BYs	 ﾠper	 ﾠbird	 ﾠthat	 ﾠ
survives	 ﾠto	 ﾠthis	 ﾠyear	 ﾠ
(nominal)a	 ﾠ
BYs	 ﾠper	 ﾠbird	 ﾠthat	 ﾠ
dies	 ﾠin	 ﾠthis	 ﾠyear	 ﾠ
(nominal)	 ﾠa	 ﾠ
Discount	 ﾠfactor	 ﾠ
(based	 ﾠon	 ﾠ
r	 ﾠ=	 ﾠ	 ﾠ3%)b	 ﾠ
Discounted	 ﾠlife	 ﾠ
expectancy	 ﾠat	 ﾠbirth	 ﾠ
A	 ﾠ B	 ﾠ C	 ﾠ D	 ﾠ E	 ﾠ F	 ﾠ G	 ﾠ H	 ﾠ
	 ﾠ
	 ﾠ (Table	 ﾠI-ﾭ‐2)	 ﾠ
D=D(age-ﾭ‐1)*	 ﾠ
C(age)	 ﾠ
E=Dage*1	 ﾠ
F=Dage-ﾭ‐1*	 ﾠ
[1-ﾭ‐Cage]*(1/2)	 ﾠ
formulaa	 ﾠ H=(E+F)*G	 ﾠ
1	 ﾠ 1	 ﾠ 0.8200	 ﾠ 0.8200	 ﾠ 0.8200	 ﾠ 0.0000	 ﾠ 1.0000	 ﾠ 0.8200	 ﾠ
2	 ﾠ 2	 ﾠ 0.8200	 ﾠ 0.6724	 ﾠ 0.6724	 ﾠ 0.0738	 ﾠ 0.9709	 ﾠ 0.7245	 ﾠ
3	 ﾠ 3	 ﾠ 0.8600	 ﾠ 0.5783	 ﾠ 0.5783	 ﾠ 0.0471	 ﾠ 0.9426	 ﾠ 0.5894	 ﾠ
4	 ﾠ 4	 ﾠ 0.9500	 ﾠ 0.5494	 ﾠ 0.5494	 ﾠ 0.0145	 ﾠ 0.9151	 ﾠ 0.5160	 ﾠ
5	 ﾠ 5	 ﾠ 0.9700	 ﾠ 0.5329	 ﾠ 0.5329	 ﾠ 0.0082	 ﾠ 0.8885	 ﾠ 0.4808	 ﾠ
6	 ﾠ 6	 ﾠ 0.9700	 ﾠ 0.5169	 ﾠ 0.5169	 ﾠ 0.0080	 ﾠ 0.8626	 ﾠ 0.4528	 ﾠ
7	 ﾠ 7	 ﾠ 0.9700	 ﾠ 0.5014	 ﾠ 0.5014	 ﾠ 0.0078	 ﾠ 0.8375	 ﾠ 0.4264	 ﾠ
8	 ﾠ 8	 ﾠ 0.9700	 ﾠ 0.4863	 ﾠ 0.4863	 ﾠ 0.0075	 ﾠ 0.8131	 ﾠ 0.4016	 ﾠ
9	 ﾠ 9	 ﾠ 0.9700	 ﾠ 0.4717	 ﾠ 0.4717	 ﾠ 0.0073	 ﾠ 0.7894	 ﾠ 0.3782	 ﾠ
10	 ﾠ 10	 ﾠ 0.9700	 ﾠ 0.4576	 ﾠ 0.4576	 ﾠ 0.0071	 ﾠ 0.7664	 ﾠ 0.3561	 ﾠ
11	 ﾠ 11	 ﾠ 0.9700	 ﾠ 0.4439	 ﾠ 0.4439	 ﾠ 0.0069	 ﾠ 0.7441	 ﾠ 0.3354	 ﾠ
12	 ﾠ 12	 ﾠ 0.9700	 ﾠ 0.4306	 ﾠ 0.4306	 ﾠ 0.0067	 ﾠ 0.7224	 ﾠ 0.3158	 ﾠ	 ﾠ
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13	 ﾠ 13	 ﾠ 0.9700	 ﾠ 0.4176	 ﾠ 0.4176	 ﾠ 0.0065	 ﾠ 0.7014	 ﾠ 0.2974	 ﾠ
14	 ﾠ 14	 ﾠ 0.9700	 ﾠ 0.4051	 ﾠ 0.4051	 ﾠ 0.0063	 ﾠ 0.6810	 ﾠ 0.2801	 ﾠ
15	 ﾠ 15	 ﾠ 0.9700	 ﾠ 0.3930	 ﾠ 0.3930	 ﾠ 0.0061	 ﾠ 0.6611	 ﾠ 0.2638	 ﾠ
16	 ﾠ 16	 ﾠ 0.9700	 ﾠ 0.3812	 ﾠ 0.3812	 ﾠ 0.0059	 ﾠ 0.6419	 ﾠ 0.2484	 ﾠ
17	 ﾠ 17	 ﾠ 0.9700	 ﾠ 0.3697	 ﾠ 0.3697	 ﾠ 0.0057	 ﾠ 0.6232	 ﾠ 0.2340	 ﾠ
18	 ﾠ 18	 ﾠ 0.9700	 ﾠ 0.3586	 ﾠ 0.3586	 ﾠ 0.0055	 ﾠ 0.6050	 ﾠ 0.2203	 ﾠ
19	 ﾠ 19	 ﾠ 0.9700	 ﾠ 0.3479	 ﾠ 0.3479	 ﾠ 0.0054	 ﾠ 0.5874	 ﾠ 0.2075	 ﾠ
20	 ﾠ 20	 ﾠ 0.9700	 ﾠ 0.3374	 ﾠ 0.3374	 ﾠ 0.0052	 ﾠ 0.5703	 ﾠ 0.1954	 ﾠ
21	 ﾠ 21	 ﾠ 0.9700	 ﾠ 0.3273	 ﾠ 0.3273	 ﾠ 0.0051	 ﾠ 0.5537	 ﾠ 0.1840	 ﾠ
22	 ﾠ 22	 ﾠ 0.9700	 ﾠ 0.3175	 ﾠ 0.3175	 ﾠ 0.0049	 ﾠ 0.5375	 ﾠ 0.1733	 ﾠ
23	 ﾠ 23	 ﾠ 0.9700	 ﾠ 0.3080	 ﾠ 0.3080	 ﾠ 0.0048	 ﾠ 0.5219	 ﾠ 0.1632	 ﾠ
24	 ﾠ 24	 ﾠ 0.9700	 ﾠ 0.2987	 ﾠ 0.2987	 ﾠ 0.0046	 ﾠ 0.5067	 ﾠ 0.1537	 ﾠ
25	 ﾠ 25	 ﾠ 0.9700	 ﾠ 0.2898	 ﾠ 0.2898	 ﾠ 0.0045	 ﾠ 0.4919	 ﾠ 0.1448	 ﾠ
26	 ﾠ 26	 ﾠ 0.9700	 ﾠ 0.2811	 ﾠ 0.2811	 ﾠ 0.0043	 ﾠ 0.4776	 ﾠ 0.1363	 ﾠ
27	 ﾠ 27	 ﾠ 0.9700	 ﾠ 0.2726	 ﾠ 0.2726	 ﾠ 0.0042	 ﾠ 0.4637	 ﾠ 0.1284	 ﾠ
28	 ﾠ 28	 ﾠ 0.9700	 ﾠ 0.2645	 ﾠ 0.2645	 ﾠ 0.0041	 ﾠ 0.4502	 ﾠ 0.1209	 ﾠ
29	 ﾠ 29	 ﾠ 0.9700	 ﾠ 0.2565	 ﾠ 0.2565	 ﾠ 0.0040	 ﾠ 0.4371	 ﾠ 0.1139	 ﾠ
30	 ﾠ 30	 ﾠ 0.9700	 ﾠ 0.2488	 ﾠ 0.2488	 ﾠ 0.0038	 ﾠ 0.4243	 ﾠ 0.1072	 ﾠ
Discounted	 ﾠlife	 ﾠexpectancy	 ﾠat	 ﾠbirth	 ﾠfor	 ﾠa	 ﾠsea	 ﾠeagle	 ﾠ(Discounted	 ﾠBird	 ﾠYears,	 ﾠDBYs)	 ﾠ 9.17	 ﾠ
a We assume the number of nominal BYs contributed by an individual is 1 BY for those surviving through a given year and 
1/2 BY for those dying in a given year. 
b Discounted to year of birth (i.e., column A Year =1). Total impacts in Tables I-3 and I-4 are then discounted back to the 
year of the analysis (2009). The formula for discounting is 1/[(1+r)
current yr - base year], where we assume r equals three percent 	 ﾠ
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Example	 ﾠcalculation	 ﾠ-ﾭ‐	 ﾠAppendix	 ﾠD:	 ﾠThe	 ﾠgoal	 ﾠis	 ﾠto	 ﾠestimate	 ﾠthe	 ﾠtotal	 ﾠDiscounted	 ﾠBird	 ﾠYears	 ﾠ(DBYs)	 ﾠcontributed	 ﾠby	 ﾠa	 ﾠnewly	 ﾠborn	 ﾠbird	 ﾠ-ﾭ‐-ﾭ‐	 ﾠeither	 ﾠone	 ﾠ
that	 ﾠis	 ﾠnot	 ﾠborn	 ﾠdue	 ﾠto	 ﾠturbine	 ﾠcollision	 ﾠof	 ﾠparent	 ﾠor	 ﾠa	 ﾠbird	 ﾠthat	 ﾠis	 ﾠborn	 ﾠdue	 ﾠto	 ﾠavoided	 ﾠelectrocution	 ﾠdeath	 ﾠof	 ﾠparent.	 ﾠThus,	 ﾠthe	 ﾠcalculation	 ﾠ
covers	 ﾠthe	 ﾠfull	 ﾠlife	 ﾠexpectancy	 ﾠfrom	 ﾠbirth	 ﾠto	 ﾠmaximum	 ﾠage	 ﾠ30	 ﾠ(column	 ﾠB).	 ﾠThe	 ﾠcalculations	 ﾠin	 ﾠcolumns	 ﾠE,	 ﾠF,	 ﾠG,	 ﾠand	 ﾠH	 ﾠare	 ﾠexactly	 ﾠthe	 ﾠsame	 ﾠas	 ﾠin	 ﾠ
Appendix	 ﾠC,	 ﾠexcept	 ﾠthat	 ﾠthe	 ﾠtime	 ﾠperiod	 ﾠis	 ﾠlonger.	 ﾠNote	 ﾠthat	 ﾠthe	 ﾠdiscounted	 ﾠlife	 ﾠexpectancy	 ﾠof	 ﾠa	 ﾠnew	 ﾠborn	 ﾠ(9.17)	 ﾠis	 ﾠless	 ﾠthan	 ﾠthe	 ﾠdiscounted	 ﾠlife	 ﾠ
expectancy	 ﾠof	 ﾠan	 ﾠaverage	 ﾠage	 ﾠbird	 ﾠ(10.5)	 ﾠeven	 ﾠthough	 ﾠthe	 ﾠformer	 ﾠhas	 ﾠ17	 ﾠextra	 ﾠyears	 ﾠto	 ﾠlive	 ﾠ(30	 ﾠ-ﾭ‐	 ﾠ13	 ﾠ=	 ﾠ17).	 ﾠIts	 ﾠdiscounted	 ﾠlife	 ﾠexpectancy	 ﾠis	 ﾠless	 ﾠ
because	 ﾠ(1)	 ﾠsurvival	 ﾠprobabilities	 ﾠare	 ﾠless	 ﾠfor	 ﾠjuveniles	 ﾠ(e.g.,	 ﾠ82	 ﾠto	 ﾠ95%)	 ﾠthan	 ﾠfor	 ﾠadults	 ﾠ(97%)	 ﾠand	 ﾠ(2)	 ﾠdiscounting	 ﾠreduces	 ﾠthe	 ﾠvalue	 ﾠof	 ﾠthings	 ﾠ
occurring	 ﾠfar	 ﾠinto	 ﾠthe	 ﾠfuture,	 ﾠe.g.,	 ﾠBYs	 ﾠcontributed	 ﾠin	 ﾠa	 ﾠbird's	 ﾠlater	 ﾠyears	 ﾠ-ﾭ‐-ﾭ‐	 ﾠwhich	 ﾠhas	 ﾠa	 ﾠproportionally	 ﾠlarger	 ﾠeffect	 ﾠon	 ﾠlife	 ﾠexpectancy	 ﾠcalculated	 ﾠ
from	 ﾠbirth	 ﾠthan	 ﾠlife	 ﾠexpectancy	 ﾠcalculated	 ﾠfrom	 ﾠan	 ﾠaverage	 ﾠage.	 ﾠ
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Appendix	 ﾠE:	 ﾠEstimated	 ﾠproduction	 ﾠper	 ﾠaverage-ﾭaged	 ﾠsea	 ﾠeaglea	 ﾠ(used	 ﾠin	 ﾠTable	 ﾠI-ﾭ3	 ﾠColumn	 ﾠF	 ﾠand	 ﾠTable	 ﾠI-ﾭ4	 ﾠColumn	 ﾠF)	 ﾠ
Year	 ﾠafter	 ﾠ
eventb	 ﾠ
Age	 ﾠ
Annual	 ﾠ
survival	 ﾠrate	 ﾠ
Probability	 ﾠof	 ﾠ
surviving	 ﾠto	 ﾠthis	 ﾠage	 ﾠ
Sea	 ﾠeagle	 ﾠthat	 ﾠ
would	 ﾠhave	 ﾠlived	 ﾠto	 ﾠ
a	 ﾠgiven	 ﾠage	 ﾠbut	 ﾠfor	 ﾠ
event	 ﾠ
No	 ﾠof	 ﾠoffspring	 ﾠper	 ﾠ
year	 ﾠ
(0.46	 ﾠper	 ﾠpair,	 ﾠ
Table	 ﾠI-ﾭ‐2)c	 ﾠ
Discounted	 ﾠlife	 ﾠ
expectancy	 ﾠof	 ﾠ
offspringd	 ﾠ
Production	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ A	 ﾠ B	 ﾠ C	 ﾠ D	 ﾠ E	 ﾠ F	 ﾠ
	 ﾠ 	 ﾠ (Table	 ﾠI-ﾭ‐2)	 ﾠ B=Aage*	 ﾠBage-ﾭ‐1	 ﾠ C=	 ﾠBage	 ﾠ*Cage-ﾭ‐1	 ﾠ D=(0.46)*Cage	 ﾠ Appendix	 ﾠD	 ﾠ F=D*E	 ﾠ
0	 ﾠ 13e	 ﾠ 	 ﾠ 1.0	 ﾠ 1.0	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
1	 ﾠ 14	 ﾠ 0.9700	 ﾠ 0.9700	 ﾠ 0.9700	 ﾠ 0.4462	 ﾠ 9.17	 ﾠ 4.0915	 ﾠ
2	 ﾠ 15	 ﾠ 0.9700	 ﾠ 0.9409	 ﾠ 0.9127	 ﾠ 0.4198	 ﾠ 9.17	 ﾠ 3.8497	 ﾠ
3	 ﾠ 16	 ﾠ 0.9700	 ﾠ 0.9127	 ﾠ 0.8330	 ﾠ 0.3832	 ﾠ 9.17	 ﾠ 3.5135	 ﾠ
4	 ﾠ 17	 ﾠ 0.9700	 ﾠ 0.8853	 ﾠ 0.7374	 ﾠ 0.3392	 ﾠ 9.17	 ﾠ 3.1105	 ﾠ
5	 ﾠ 18	 ﾠ 0.9700	 ﾠ 0.8587	 ﾠ 0.6333	 ﾠ 0.2913	 ﾠ 9.17	 ﾠ 2.6711	 ﾠ
6	 ﾠ 19	 ﾠ 0.9700	 ﾠ 0.8330	 ﾠ 0.5275	 ﾠ 0.2426	 ﾠ 9.17	 ﾠ 2.2249	 ﾠ
7	 ﾠ 20	 ﾠ 0.9700	 ﾠ 0.8080	 ﾠ 0.4262	 ﾠ 0.1960	 ﾠ 9.17	 ﾠ 1.7977	 ﾠ
8	 ﾠ 21	 ﾠ 0.9700	 ﾠ 0.7837	 ﾠ 0.3340	 ﾠ 0.1537	 ﾠ 9.17	 ﾠ 1.4089	 ﾠ
9	 ﾠ 22	 ﾠ 0.9700	 ﾠ 0.7602	 ﾠ 0.2539	 ﾠ 0.1168	 ﾠ 9.17	 ﾠ 1.0711	 ﾠ
10	 ﾠ 23	 ﾠ 0.9700	 ﾠ 0.7374	 ﾠ 0.1873	 ﾠ 0.0861	 ﾠ 9.17	 ﾠ 0.7899	 ﾠ
11	 ﾠ 24	 ﾠ 0.9700	 ﾠ 0.7153	 ﾠ 0.1339	 ﾠ 0.0616	 ﾠ 9.17	 ﾠ 0.5650	 ﾠ	 ﾠ
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12	 ﾠ 25	 ﾠ 0.9700	 ﾠ 0.6938	 ﾠ 0.0929	 ﾠ 0.0428	 ﾠ 9.17	 ﾠ 0.3920	 ﾠ
13	 ﾠ 26	 ﾠ 0.9700	 ﾠ 0.6730	 ﾠ 0.0626	 ﾠ 0.0288	 ﾠ 9.17	 ﾠ 0.2638	 ﾠ
14	 ﾠ 27	 ﾠ 0.9700	 ﾠ 0.6528	 ﾠ 0.0408	 ﾠ 0.0188	 ﾠ 9.17	 ﾠ 0.1722	 ﾠ
15	 ﾠ 28	 ﾠ 0.9700	 ﾠ 0.6333	 ﾠ 0.0259	 ﾠ 0.0119	 ﾠ 9.17	 ﾠ 0.1091	 ﾠ
16	 ﾠ 29	 ﾠ 0.9700	 ﾠ 0.6143	 ﾠ 0.0159	 ﾠ 0.0073	 ﾠ 9.17	 ﾠ 0.0670	 ﾠ
17	 ﾠ 30	 ﾠ 0.9700	 ﾠ 0.5958	 ﾠ 0.0095	 ﾠ 0.0044	 ﾠ 9.17	 ﾠ 0.0399	 ﾠ
Total	 ﾠproduction	 ﾠper	 ﾠaverage-ﾭ‐aged	 ﾠsea	 ﾠeagle	 ﾠ(Discounted	 ﾠBird	 ﾠYears,	 ﾠDBYs)	 ﾠ 26.1	 ﾠ
a	 ﾠWe	 ﾠcalculate	 ﾠproduction	 ﾠper	 ﾠfemale	 ﾠsea	 ﾠeagle	 ﾠand	 ﾠassume	 ﾠa	 ﾠmale	 ﾠis	 ﾠavailable	 ﾠin	 ﾠthe	 ﾠpopulation	 ﾠto	 ﾠcomplete	 ﾠthe	 ﾠpair.	 ﾠ
b	 ﾠAssumes	 ﾠaverage	 ﾠage	 ﾠbird	 ﾠof	 ﾠ12.9	 ﾠyears	 ﾠis	 ﾠrounded	 ﾠto	 ﾠ13.	 ﾠProbability	 ﾠof	 ﾠsurviving	 ﾠto	 ﾠ13	 ﾠis	 ﾠ1.0	 ﾠ
c	 ﾠProductivity	 ﾠestimate	 ﾠbased	 ﾠon	 ﾠ[73].	 ﾠ	 ﾠ
d	 ﾠDiscounted	 ﾠto	 ﾠyear	 ﾠof	 ﾠevent	 ﾠ(collision	 ﾠor	 ﾠbeing	 ﾠ"saved"	 ﾠfrom	 ﾠelectrocution).	 ﾠTotal	 ﾠimpacts	 ﾠin	 ﾠTables	 ﾠI-ﾭ‐3	 ﾠand	 ﾠI-ﾭ‐4	 ﾠare	 ﾠthen	 ﾠdiscounted	 ﾠ
back	 ﾠto	 ﾠthe	 ﾠyear	 ﾠof	 ﾠthe	 ﾠanalysis	 ﾠ(2009).	 ﾠ	 ﾠ
e	 ﾠAssumes	 ﾠaverage	 ﾠage	 ﾠbird	 ﾠof	 ﾠ12.9	 ﾠyears	 ﾠis	 ﾠrounded	 ﾠto	 ﾠ13.	 ﾠProbability	 ﾠof	 ﾠsurviving	 ﾠto	 ﾠ13	 ﾠis	 ﾠ1.0.	 ﾠ	 ﾠ
	 ﾠ
Example	 ﾠcalculation	 ﾠ-ﾭ	 ﾠAppendix	 ﾠE:	 ﾠThe	 ﾠgoal	 ﾠis	 ﾠto	 ﾠestimate	 ﾠthe	 ﾠindirect	 ﾠDiscounted	 ﾠBird	 ﾠYears	 ﾠ(DBYs)	 ﾠassociated	 ﾠwith	 ﾠproduction;	 ﾠi.e.,	 ﾠlost	 ﾠ
production	 ﾠfor	 ﾠa	 ﾠbird	 ﾠthat	 ﾠcollides	 ﾠor	 ﾠgained	 ﾠproduction	 ﾠfor	 ﾠa	 ﾠbird	 ﾠthat	 ﾠis	 ﾠsaved	 ﾠfrom	 ﾠelectrocution.	 ﾠThus,	 ﾠthe	 ﾠrelevant	 ﾠtime	 ﾠperiod	 ﾠis	 ﾠage	 ﾠ13	 ﾠ
(average	 ﾠage)	 ﾠuntil	 ﾠmaximum	 ﾠage.	 ﾠColumns	 ﾠA	 ﾠand	 ﾠB	 ﾠare	 ﾠcalculated	 ﾠas	 ﾠper	 ﾠAppendices	 ﾠB.	 ﾠColumn	 ﾠC	 ﾠrepresents	 ﾠa	 ﾠgiven	 ﾠbird	 ﾠthat	 ﾠwould	 ﾠhave	 ﾠ
reproduced,	 ﾠbut	 ﾠfore	 ﾠthe	 ﾠevent.	 ﾠThat	 ﾠis,	 ﾠAppendix	 ﾠE	 ﾠcalculates	 ﾠproduction	 ﾠper	 ﾠ(one)	 ﾠeagle.	 ﾠThis	 ﾠinteger	 ﾠ(1)	 ﾠtheoretically	 ﾠdeclines	 ﾠeach	 ﾠyear	 ﾠ
because	 ﾠthe	 ﾠprobability	 ﾠof	 ﾠthis	 ﾠ(one)	 ﾠeagle	 ﾠsurviving	 ﾠto	 ﾠa	 ﾠgiven	 ﾠage	 ﾠto	 ﾠgive	 ﾠbirth	 ﾠdeclines	 ﾠover	 ﾠtime.	 ﾠFor	 ﾠexample,	 ﾠthis	 ﾠ(one)	 ﾠeagle	 ﾠis	 ﾠavailable	 ﾠat	 ﾠ
age	 ﾠ13	 ﾠto	 ﾠgive	 ﾠbirth,	 ﾠbut	 ﾠthe	 ﾠprobability	 ﾠof	 ﾠthat	 ﾠone	 ﾠeagle	 ﾠbeing	 ﾠaround	 ﾠat	 ﾠage	 ﾠ14	 ﾠ(one	 ﾠyear	 ﾠafter	 ﾠthe	 ﾠevent)	 ﾠto	 ﾠgive	 ﾠbirth	 ﾠis	 ﾠ1	 ﾠtimes	 ﾠthe	 ﾠ
probability	 ﾠof	 ﾠsurviving	 ﾠto	 ﾠage=14	 ﾠ(.9700	 ﾠfrom	 ﾠColumn	 ﾠB),	 ﾠwhich	 ﾠis	 ﾠequal	 ﾠto	 ﾠ0.9700	 ﾠ(Column	 ﾠC).	 ﾠIn	 ﾠother	 ﾠwords,	 ﾠthere	 ﾠis	 ﾠa	 ﾠ3%	 ﾠchance	 ﾠthat	 ﾠthe	 ﾠ
(one)	 ﾠeagle	 ﾠis	 ﾠnot	 ﾠavailable	 ﾠin	 ﾠone	 ﾠyear	 ﾠto	 ﾠgive	 ﾠbirth.	 ﾠSimilarly,	 ﾠtwo	 ﾠyears	 ﾠlater	 ﾠthat	 ﾠone	 ﾠeagle	 ﾠis	 ﾠeven	 ﾠless	 ﾠlikely	 ﾠto	 ﾠbe	 ﾠpresent	 ﾠto	 ﾠgive	 ﾠbirth,	 ﾠwhich	 ﾠ
we	 ﾠcalculate	 ﾠby	 ﾠtaking	 ﾠthe	 ﾠ0.9700	 ﾠchance	 ﾠof	 ﾠgiving	 ﾠbirth	 ﾠafter	 ﾠone	 ﾠyear	 ﾠand	 ﾠmultiplying	 ﾠit	 ﾠbe	 ﾠthe	 ﾠchance	 ﾠof	 ﾠsurviving	 ﾠto	 ﾠthe	 ﾠnext	 ﾠage	 ﾠ(.9409	 ﾠfrom	 ﾠ
Column	 ﾠB),	 ﾠwhich	 ﾠis	 ﾠequal	 ﾠto	 ﾠ.9127.	 ﾠColumn	 ﾠD	 ﾠrepresents	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠoffspring	 ﾠexpected	 ﾠfrom	 ﾠeach	 ﾠfemale	 ﾠsea	 ﾠeagle	 ﾠ(assumed	 ﾠto	 ﾠhave	 ﾠfound	 ﾠ
a	 ﾠmale).	 ﾠThis	 ﾠis	 ﾠequal	 ﾠto	 ﾠthe	 ﾠprobability	 ﾠthat	 ﾠthis	 ﾠfemale	 ﾠis	 ﾠaround	 ﾠto	 ﾠgive	 ﾠbirth	 ﾠ(Column	 ﾠC)	 ﾠtimes	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠoffspring	 ﾠexpected	 ﾠper	 ﾠpair	 ﾠ
(0.46).	 ﾠFor	 ﾠexample,	 ﾠthe	 ﾠoffspring	 ﾠproduced	 ﾠby	 ﾠa	 ﾠ16	 ﾠyear	 ﾠold	 ﾠfemale	 ﾠ(3	 ﾠyears	 ﾠafter	 ﾠthe	 ﾠevent)	 ﾠis	 ﾠequal	 ﾠto	 ﾠthe	 ﾠprobability	 ﾠthat	 ﾠthe	 ﾠfemale	 ﾠis	 ﾠalive	 ﾠ	 ﾠ
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(.8330)	 ﾠtimes	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠoffspring	 ﾠexpected	 ﾠ(.46).	 ﾠThus,	 ﾠthe	 ﾠoffspring	 ﾠper	 ﾠyear	 ﾠper	 ﾠpair	 ﾠdeclines	 ﾠover	 ﾠtime	 ﾠdue	 ﾠto	 ﾠreduced	 ﾠprobability	 ﾠthat	 ﾠa	 ﾠ
parent	 ﾠwill	 ﾠhave	 ﾠlived	 ﾠto	 ﾠthat	 ﾠage	 ﾠto	 ﾠgive	 ﾠbirth.	 ﾠTo	 ﾠdetermine	 ﾠthe	 ﾠcontribution	 ﾠof	 ﾠBYs	 ﾠfrom	 ﾠthat	 ﾠoffspring,	 ﾠwe	 ﾠmust	 ﾠknow	 ﾠits	 ﾠdiscounted	 ﾠlife	 ﾠ
expectancy	 ﾠ(Column	 ﾠE),	 ﾠwhich	 ﾠis	 ﾠ9.17	 ﾠ(see	 ﾠAppendix	 ﾠD).	 ﾠ	 ﾠFinally,	 ﾠproduction	 ﾠis	 ﾠequal	 ﾠto	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠoffspring	 ﾠ(column	 ﾠD)	 ﾠtimes	 ﾠits	 ﾠlife	 ﾠ
expectancy	 ﾠ(column	 ﾠE),	 ﾠwhich	 ﾠis	 ﾠshown	 ﾠin	 ﾠColumn	 ﾠF.	 ﾠWe	 ﾠsum	 ﾠthis	 ﾠcolumn	 ﾠover	 ﾠthe	 ﾠyears	 ﾠof	 ﾠthe	 ﾠparent	 ﾠto	 ﾠdetermine	 ﾠthe	 ﾠtotal	 ﾠproduction	 ﾠfrom	 ﾠ
an	 ﾠaverage	 ﾠaged	 ﾠsea	 ﾠeagle,	 ﾠ26.1	 ﾠDiscounted	 ﾠBird	 ﾠYears.	 ﾠ	 ﾠ
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